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INTRODUCTION 


In June, 1776, having just returned from a stren- 
uous trip to the upper reaches of the Savannah River, 
William Bartram turned westward across middle 
Georgia toward the Flint and the Chattahoochee 
rivers. The party with which he was traveling 
made camp on the evening of the 27th near the 
headwaters of the Ogeechee River, the first large 
stream which they could have encountered after 
leaving the Savannah. Of their camping place 
Bartram (1928, p. 304) has this to say: 

“Karly in the evening of the 27th we arrived 

at the Flat-rock, where we lodged. This is a 
common rendezvous or camping-place for traders 
and Indians. It is an expansive clean flat or 
horizontal rock, but a little above the surface of 
the ground and near the banks of a delightful 
rivulet of excellent water, which is one of the 
head branches of Great Ogeche: in the loose rich 
soil verging round this rock, grow several very 
curious herbaceous plants. . . .” 


This is apparently the earliest deseription of the 
peculiar exposures of granitic rocks which occur in 
the Piedmont region of the southeastern United 
States, in an irregular broken band extending from 
North Carolina to eastern Alabama. These exposures, 
known to the country folk today as in Bartram’s time 
as “Flat-Rocks” or “Cedar Rocks,” are without parallel 
in eastern North America and support a remarkable 
and more or less endemic flora. The flat-rocks are 
unique in that they extend, sometimes for more than 
a mile, without a break in the smooth rolling surface 
of the rock, and vegetation is limited to species that 
ean survive on the bare surfaces and in small shallow 
depressions. Although most of the flat-roecks are now 
easily accessible by automobile roads, but little atten- 
tion has been paid to the plants indigenous to them 
or, until recently, to the relation between the plants 
and the extreme habitat conditions which prevail 
there. 

Within the last few years, however, the vegetation 
of granitic exposures in North Carolina, Georgia and 
Alabama has been dealt with by several authors, and 
a great deal of incidental information, relative to 
distribution and taxonomy of special groups of 
plants native to these exposures, is now available. A 
perusal of the evidence at hand indicates that the 
peculiar flora of the flat-rocks exists there as a highly 
specialized vegetational unit of great age, persisting 
in a nicely balanced ecological equilibrium. The fol- 
lowing detailed account of the species in question and 
their relationships to each other and to the habitat 
should, therefore, be of interest to phytogeographers. 

The most ancient mountains of North America, the 
Appalachian Highlands, oceupy a great belt which 
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extends from northeastern Alabama northeastward to 
New York and New England. The underlying roeks 
of these highlands are chiefly crystalline metamorphic 
sandstones, schists, gneisses and granites, of Pre- 
cambrian age (Fig. 1). In this region of erystalline 





Fic. 1. Approximate distribution of Precambrian 
metamorphic rocks in southeastern United States, shown 
by cross-hatehing. Most of these rocks are schists and 
gneisses; granites, including some granite-gneisses, are 
shown in solid black. No data relative to the distribu- 
tion of granites in South Carolina are available. The 
stippled area is that oecupied by the relatively recent 
sedimentary rocks of the Coastal Plain. The data upon 
which this map is based are taken from Adams (1926), 
McGill (1936), Watson (1902, 1910), and Willis (1906). 


rocks two provinces are ordinarily distinguished: 
The mountains proper, the Blue Ridge, and the 
Piedmont or non-mountainous portion of the region. 
In the southeastern United States the Piedmont 
slopes gradually eastward from the foot of the moun- 
tains to the Fall Line, which marks the inner bound- 
ary of the Coastal Plain. Typical Piedmont topog- 
raphy is represented by a series of gently rolling 
areas interrupted by the deeper, steeper valleys of 
the large streams. The rivers of the region, for the 
most part, have eut direetly across from highland 
to Coastal Plain, forming a radial pattern which is 
evident if a map of the Southeast is examined. As 
one travels through the region from Virginia to 
Alabama the rolling character of the country be- 
comes evident; one is continually passing from hill- 
top to hillside and thence to valley, with almost never 
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a level stretch except for an oceasional flood-plain, 
and with searcely a break between hillside and hill- 
top or valley bottom. It follows from the rolling 
character of the country (the term rolling being 
properly used as the opposite of angular; Fenneman 
1938, p. 131) that a certain monotony prevails; 
there are no sharp breaks in the landseapes of the 
lower Piedmont; one finally ceases to look for cliffs 
and steep hills or extensive level areas. One passes 
from hillside terraces bearing corn or cotton to 
stands of oak and pine and so on perhaps to hillside 
pastures and again to the red, gray, or yellow ter- 
raced fields. 

It is, therefore, with a distinet sense of surprise 
that one comes suddenly upon a wide expanse of 
smooth gray rock, hidden until the last instant by a 
sereen of trees, but stretching off into the distance 
without’a break, the smooth rolling surface uninter- 
rupted save by oceasional little islands of vegetation 
or by little hillocks of the bedrock itself. About the 
margins of the rocks are fields and pastures; indeed 
the sole economic value of some of these outcrops 
lies in the seant pasture which they provide. For- 
ests of pine and oak occur in close proximity to the 
rocks and even encroach upon them; most of the 
flat-rocks are today at least partially surrounded by 
woodlands, and eertain tree species eke out their ex- 
istenee in shallow depressions on the rocks them- 
selves. The bedrock is usually almost without joints 
or erevices, except on the steeper slopes, so that 
bare surfaces prevail except in the low spots and in 
those spots where mosses and lichens have been able 
to establish themselves. Not all the flat-rocks are of 
large size; some exposures are scarcely a few meters 
across and are evidently becoming even smaller as 
the surrounding vegetation eneroaches upon them; 
others comprise hundreds of acres of unbroken rock. 
All have, however, certain features in common: 

1. The surface of the exposure is unbroken or 
nearly so. 2. The surface is more or less parallel to 
the general slope of the surrounding country. 3. Its 
slopes are usually less steep than those of the nearby 
hills, with the rock-faces often level or essentially so 
for considerable distances. 4. The outerops oecur 
primarily in regions of low relief, the elevation above 
sea level usually not exceeding 1,000 feet. 5. The 
outerops occur seemingly without reference to local 
contours; they are ordinarily found on the uplands 
between river valleys, but they do not conform to 
the topography of these uplands; flat-rocks are 
usually slightly below the general level of the hills 
but may rise slightly above it. 6. The outerops are 
of granitic rocks, but not necessarily true normal 
granites; in some cases gneisses are exposed, and 
porphyritie granites and gneisses are both known to 
form typical exposures. 7. The vegetation character- 
istic of the exposures comprises a well-marked group 
of species indigenous to the shallow soils which are 
formed in depressions and about the margins of the 
solid rock surfaces. 

Similar more or less flat exposures, chiefly of lime- 
stone and sandstone, oceur elsewhere in eastern North 
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America, but nowhere are they so extensive as in 
the region under consideration. The flora of the 
Cedar Barrens of the Interior Basin of Tennessee 
has marked affinities with that of the granite areas, 
as has the flora of the Eocene and the Miocene 
(Altamaha Grit) sandstones of the Georgia Coastal 
Plain (Harper 1906). Typical “flat-rock” exposures 
of the Altamaha Grit are not very extensive, oceur- 
ring prineipally in Coffee, Tattnall and Johnson 
counties; the most extensive outcrops of the Ten- 
nessee limestones are found in three counties in the 
vieinity of Nashville. 

Granitie flat-rocks of the type under discussion 
oeeur more or less throughout a zone which extends, 
just west and north of the Fall Line, for about 700 
miles, from Virginia to Alabama and which has a 
maximum width of about 120 miles. This zone is 
approximately coextensive with that in which true 
granites are found in this region (Fig. 1). The total 
amount of bedrock which appears at the surface is 
unknown, but in Georgia, where the largest outerops 
oceur, a conservative estimate would place the total 
at not less than 6,000 aeres. According to the reports 
on soil surveys made by the United States Depart- 
ment of Agriculture, a total of 4,288 aeres of rock 
outerop of this sort is found in the six counties for 
which figures are given.! Heard County, for which 
no soil map has been published, has some very ex- 
tensive flat-rocks, the largest of which “includes, at 
the lowest estimate, 400 acres in one continuous flat- 
surface outerop” (Watson 1902, p. 66). Similar 
areas, too small to be included on soil maps, or in 
regions which are as yet unmapped, oecur in Warren, 
Haneoek, Elbert, Oglethorpe, Clarke, Barrow, Gwin- 
nett, Walton, Newton, Fayette, Coweta, Carroll, Pike, 
Troup, and Meriwether counties. 

Published figures for the Carolinas are not avail- 
able, but there are several exposures of appreciable 
size in these states, the largest of which is approxi- 
mately 100 aeres in extent. The combined acreage 
of flat-rock exposures in Alabama, the Carolinas, 
and Virginia is probably in the neighborhood of 
2,000 acres. In the region covered by this paper, 
then, there is an estimated total of not less than 8,000 
acres, about three quarters of which lies in the state 
of Georgia (Fig. 4). 

The present aspect of the Piedmont landseape has 
doubtless come about as a result of one or more 
erosion cycles, following one or more uplifts of the 
general land surfaces. Because of the present differ- 
ences in height between the mountains and the Pied- 
mont there is thought to have been differential ero- 
sion corresponding to the relative degrees of hardness 
of the rocks of the two regions. In the Southeast, 
however, the mountain front is sometimes very abrupt 
and some geologists incline to the belief that faulting 
has oceurred along the boundary between Piedmont 
and Blue Ridge. In any event, the present level of 
the Piedmont is believed to have come about as the 

1 DeKalb Co., 1,792 acres; Rockdale Co., 1,216 acres; Jack- 


son Co., 576 acres; Columbia Co., 448 acres; Greene and Put- 
nam Cos., together 256 acres. 
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Fie. 2. A portion of 
the margin of an ex- 
posure. Note the tree- 
less zone between the 
rock and the forest in 
the background; in 
the foreground is a 
shallow depression, the 
central portion of 
which is occupied by 
vegetation. Greens- 
boro, Greene County, 
Georgia, March, 1939. 


Fig. 3. A _ general 
view of the granite 
exposure at Greens- 
boro, Georgia; the 
outerop is interrupted 
by a shallow ravine 
but the rock surface 
is exposed again be- 
yond this, back of the 
group of trees in the 
middle distance. 


result of a general uplift (probably in the Tertiary 
period) following the base-leveling of a Cretaceous 
peneplain. It is presumed that the principal streams 
of the region, which today flow nearly straight across 
the several kinds of highly metamorphosed strata 
which form the bedrock, were rejuvenated by this 
Tertiary uplift and have since eut deep valleys 
which now alternate with rolling upland areas of 
low relief. 

The Piedmont region is noted for the depth of its 
residual soils derived from the underlying acidic 
rocks. These soils, speaking in very general terms, 
are of two types, the gray and the red. The gray 
soils are porous sandy soils which have been derived 
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Courtesy of the American Horticultural Society. 


from the fresh rock chiefly by disintegration. The 
red soils, on the other hand, are stiff ferruginous 
clays made gritty by the presence of free quartz and 
undecomposed silicates and have resulted from de- 
composition. The mantle of these residual soils 
derived from granitic rocks sometimes extends to a 
depth of 100 feet, the decay presumably having 
taken place since the last general base-leveling of 
the land surface. 

It is possible that at one time soil-less areas in the 
Piedmont were more extensive than at present, and 
that the flat-rocks are the remnants of these more 
extensive exposures. It is unlikely, however, that 
any major portion of the Piedmont has ever been 
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exposed at one time; during the final stages of the 
Cretaceous base-leveling and also following this, dur- 
ing the uplifts in the Tertiary, erosion must have 
been relatively slow, so that over large areas the rate 
of soil-formation doubtless equaled or exceeded that 
of the erosive processes. Whatever the original size 
of the flat-rocks, it is evident that their present con- 
dition is a direct result of erosion having more than 
kept pace with decomposition and decay since the 
original exposure of the surfaces. 

The date of the original exposure of the granitic 
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Map of the distribution of the principal flat-rocks on which the characteristic vegetation-type is known 
Numerous smaller granite exposures, not mapped, occur throughout the same area, from Virginia 


surfaces is not easy to fix, but it is probably very 
remote. It is possible that all the flat-rocks have 
at some time been covered by a residual soil-mantle 
which has subsequently been removed by erosion; it 
is also possible that some or all the exposures have 
had a soil-covering of a non-residual nature, derived 
in part from humus and in part from wind- and 
water-borne material. Any such soil-eovering, either 
residual or non-residual, might have persisted for 
long periods, so that its removal by erosion might 
conceivably have been of very recent occurrence. The 
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available evidence indieates, however, that the ex- 
posed surfaces have not, at least in recent geologic 
periods, had any general soil-covering. If the flat- 
rocks had ever borne a residual or other soil-mantle, 
one should be able to detect signs of it on the smooth 
exposed surface. The solid bedrock surface below 
residual soils developed on granite is nowhere a flat 
even surface but an irregular gradational zone, rang- 
ing from the unchanged metamorphic rock through 
various states of disintegration and decomposition, 
to the soil itself. As mentioned above, this residual 
mantle is unusually well developed in many places in 
the Piedmont, even to a depth of many feet. It is 
very probable that such a mantle has never been 
developed on the areas which are now ealled flat- 
rocks; the surface of the granite is almost invariably 
fresh and unweathered, the alteration, if any, rarely 
extending more than 6 inehes beneath the surface. 
Watson (1902, p. 67) in speaking of the biotite 
granite from the flat-rock near Franklin, Georgia, 
says: 

“A careful examination of the natural outerop 
of this rock in the field, where it has been exposed 
to the attack of the atmospheric forces for an 
indefinite time, geologically speaking, shows, that 
it resists, to a remarkable degree, the agents of 
disintegration and decomposition. The sap—par- 
tially decayed surface rock—is exceedingly thin 
over all parts of the rock surface. No imperfections 
or blemishes of any character were observed in 
the natural exposure of the rock.” 


There seems to be no adequate physical or chemical 
explanation for the failure of the development of a 
residual soil upon the flat-rock exposures. Elsewhere 
in the same regions deep soils have formed on similar 
granitie rocks, including normal granites, granite- 


gneisses, porphyritie granites and _ porphyritic 
gneisses. The most probable explanation seems to 


be one based on the relative positions and contours 
of the rocks. As discussed further on in this paper, 
in the paragraphs devoted to weather pits, it appears 
that decomposition and decay of the surfaces, ordi- 
narily initiated in granite by adsorption of moisture, 
are slow because of the very high runoff of surface 
water. 

It is possible that some soil-covering, other than 
one formed in situ, has existed over the present flat- 
rock areas. If so, it must have been eroded away 
at some very ancient time, as indicated by the fol- 
lowing botanical and geological evidence. Climatic 
conditions in eastern North America are such (and 
have been such in the geologic periods with which 
we are concerned) that if any soil-covering had ex- 
isted for any considerable length of time on what is 
now a flat-rock, it most surely would have been coy- 
ered by vegetation of the sort common elsewhere in 
the vicinity. Shallow soil might have inhibited the 
growth of dense mature forests, but a dense her- 
baceous cover and at least a partial forest cover 
would almost certainly have resulted. It follows that 
any such covering of vegetation must have been re- 
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moved, by erosion or other ageney, before the inva- 
sion of the areas by the plants which occupy them 
today; this is a necessary assumption because the 
plants which are now characteristic of the flat-rock 
areas, almost without exception, are unable to sur- 
vive in shade or in dense populations with other 
species; it is ineoncéivable, therefore, that these 
species could have existed in any given area ¢on- 
temporaneously with a forest. 

The species of plants which are consistently asso- 
ciated with the granite exposures are rather uni- 
formly distributed throughout the area in which flat- 
rocks oceur; many of them, however, are greatly 
restricted in occurrence exeept under the extreme 
conditions of habitat afforded by the flat-roeks, and 
several of them (see Table.1) are wholly confined, 
so far as known, to these outcrops. Some of. the 
species flourish abundantly under conditions which 
are scarcely duplicated elsewhere in eastern. North 
America; it is accordingly difficult to entertain the 
possibility of a hypothetical asylum in which these 
species could have survived until the disappearance 
of the forests from the areas in which they now 
grow. Even if we admit that such an asylum could 
have existed, its existence must have been at a very 
ancient period; a long time must have been neces- 


TABLE 1. 


The occurrences at 20 localities, from North 


Carolina to Alabama, of 17 species, varieties, and subspecies 


which are supposedly endemic on the flat-rocks.* 
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Panola Mt. 
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Ocenothera lini- | | 
folia var. | | | | 
glandulosa. . x | x | bo fads 
Ocenothera | | | | | 
fruticosa var. Pan | 
subglobosa | x | 
Phacelia dubia | 
var. georgiana | 
Amphianthus 
pusillus . | | | 
Gerardia tenui- | ee | 
folia subsp. | 
polyphylla. . .\ 
Liatris 9 
microcephala 
Viguiera | | id 
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*In Tables 1 and 2 all entries in the column headed ‘North 
Carolina” relate to the flat-rock areas in Wake and. Franklin coun- 


ties. This region is reported as a unit in these tables, rather 
by individual outcrops. 
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sary for the complete repopulation of hundreds of 
isolated granitic areas by a group of some two score 
species of wholly unrelated families and genera. 
When it is remembered that these species, in order 
to complete the nice distribution patterns which they 
now exhibit, must all have migrated independently 
back to all the flat-rocks, the mathematical difficulty 
of such a proposition becomes apparent. 

Several of the most characteristic species found 
growing under these conditions today are taxonomi- 
cally unique; they occupy in their respective families 
positions in which they are not approached by any 


known species or genera; among these the most 
conspicuous examples are Amphianthus pusillus 


Torr., of the Serophulariaceae, and Diamorpha cy- 
mosa (Nutt.) Britton, of the Crassulaceae, neither 
of which appears to be closely - identified with any 
other known genus. Consideration of the structural 
specialization of these peculiar species, isolated as 
they are in a small geographic area without close 
relatives anywhere in the world, leads one inevitably 
to the supposition that they have survived, doubtless 
fora very long period of time, in more or less the 
same area which they now oceupy. If a plant like 
Amphianthus pusillus, which is unique and of doubt- 
ful systematic position in its family, has evolved 
from some ancestral scrophulariaceous complex over 
such a period of time that all traces of the ancestor 
have been lost, and if such evolution, or even a major 
part of it, has taken place on the flat-rocks, in the 
habitat still oeeupied by this species, then the time 
elapsed must be so great that we may state the fol- 
lowing as a possible hypothesis: The flat-roecks have 





not had any general covering of soil in recent geologie 
periods, and possibly have never had such a covering 
sinee the last general peneplanation of the Piedmont 
surface. 

This hypothesis is not in accord with an opinion 
recently advaneed by Oosting and Anderson (1939) ; 
these writers postulate a very recent origin for the 
flat-rocks in the lower Piedmont of North Carolina: 


“The outerops occupy the same geographic 
position everywhere, so that the causes of their ex- 
posure must have been similar. Since the ex- 
posures are irregularly distributed along the fall 
line in at least three states, they must (at least 
indirectly) owe their origin to faetors which pro- 
duced the fall line. 

“The exposures have been in their present con- 
dition for a long time. Certainly if they orig- 
inated with the fall line there has been sufficient 
time for vegetation to have developed a complete 
cover and to have produced a well bound soil mat 
over the largest of them. ... It is not unreason- 
able to suppose that at one time the rocks were 
completely covered with at least sufficient soil to 
support a meager forest. With the advent of 
the white man, lumbering, fires, and erosion might 
well have exposed these areas where the rock was 
nearest the surface.” 


Rogers McVauGH 
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It is of course possible that certain or all of the 
flat-rocks were cleared of forests at some early date, 
fires or other agencies having swept the forested 
areas clean and so having given the forces of erosion 
a clear field. As pointed out above, this must have 
taken place sufficiently long ago to allow the species 
characteristic of these granitic exposures to become 
uniformly distributed as they are today. It seems 
quite clear from the records left by early travelers 
in America (Bartram, for example) that there were 
flat-rocks long before lumbering by white men could 
have removed the forests; the above botanical evi- 
dence, moreover, indicates that the origin of these 
outerops far antedates the beginning of historical 
time. 

In addition to the evidence dealing 
distribution, there is geological evidence which indi- 
eates that the flat-rocks may have been exposed to 
the action of weather for very long periods of time. 
Most of the outerops, at least the ones large enough 
to show any variation in elevation, are dotted with 
peculiar flat-bottomed depressions which in other 
granitic areas have been referred to as “weather 
pits” (Matthes 1930). These may be of considerable 
extent, sometimes with a diameter of several meters, 
but they are rarely more than 30 em. in depth. Each 
has typically a rounded or overhanging rim or lip, 
which may be eroded away on one side or even for 
half the cireumference. These pits are thought to 
be initiated through the action of water, chiefly in 
cracks in the smooth surface or in spots where rela- 
tively soluble minerals are concentrated. The early 
stages in weathering are largely physical; some of 
the constituents of the rock, principally biotite and 
the feldspars, expand slightly upon hydration, re- 
sulting in the disruption of the rock to a granular 
sand. As disintegration of the rock progresses, more 
water is held in the resulting cavity and the pits 
become larger by further action of the hydration 
process; adjoining pits may coalesce as their rims 
intersect. Growth in depth usually does not keep 
pace with lateral expansion, so that the pits remain 
shallow. This is explained by Matthes (1930, p. 64) 
as follows: 


with plant 


“The less soluble particles of roek detached 
from the rims colleet at the bottom and, although 
the finer particles are blown out by the wind in 
dry weather, usually enough of the coarser ones 
remain to form a protective pad that tends to 
retard downward excavation.” 


It is evident that if we can estimate the approxi- 
mate speed at which the formation of pits progresses. 
we shall be able to form a fair idea of the length of 
time during which the flat-rocks have been exposed to 
weathering agencies and, accordingly, the time that 
must have passed since they were soil-covered. Some 
evidence relative to this point is available, similar 
pits having been studied by Matthes (1930) in the 
Yosemite Valley, where they were found to oceur on 
rock surfaces that had eseaped the scourings of the 
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Pleistocene glaciation, but not on those surfaces 
which had been covered by the most recent ice sheets. ’ 
Matthes states: 


“It is a significant fact that weather pits do 
not oeceur on freshly glaciated rock surfaces. Not 
a single one is to be found within the area that 
was covered by the later glaciers. Evidently they 
develop at an extremely slow rate, and not enough 
time even for their initiation has elapsed since the 
glacial epoch.” 


If we may assume that the rates of weathering of 
the Yosemite granites have been comparable to those 
prevailing on the flat-rocks during the same period, 
we may conclude that the time necessary for produc- 
tion of weather pits is somewhat comparable in the 
two eases. This is, of course, a debatable assumption 
because of the many factors involved, but there are 
some indications that the two kinds of rocks may be 
of comparable resistance to weathering. The Yosem- 
ite granite, like the granites of the southeastern 
United States, “is wholly devoid of joint fractures 
over considerable areas and characteristically forms 
huge exfoliating monoliths” (Calkins 1930); it dif- 
fers chiefly from the flat-rock granites by the pres- 
ence of hornblende in its composition. Matthes 
(1930) places the age of some of the older surfaces 
at 100,000 or even 200,000 years. If the granitic 
rocks of the southeastern Piedmont region are even 
indifferently comparable to these, it is evident that 
the age of the flat-rocks is to be measured in thou- 
sands or hundreds of thousands or perhaps millions 
of years, rather than in centuries. 

It seems desirable at this point to suggest an ex- 
planation for the long-continued existence of these 
a region where plant succes- 
sion and the normal aceumulation of soil might 
reasonably have been expected to cover them. These 
outerops are isolated areas whose topography is such 
that runoff of surface water is unusually high. This 
feature, in combination with the fact that the bed- 
rock is usually free from joints to a high degree, 
has made disintegration of the surfaces unusually 
slow. To a certain extent the flat-rocks are self- 
perpetuating, as much of the disintegrated material 
is blown or washed away as fast as it is separated 
from the parent rock. The only spots in which the 
forees of hydration and solution are effectively en- 
gaged are in the weather pits, and some idea of the 
extent of the work done by these forees may be 
gained from the extent of the pits themselves. 

It is also necessary to answer a question that may 
be raised in connection with suecession on the rock 
surfaces. If plants actually gain a foothold on the 
rock surfaces and in depressions, and if they spread 
more or less coneentrieally and if the stages of sue- 
cession, as understood elsewhere in the region, ean 
be made out on the flat-rocks as well, why have the 
rocks not become wholly covered with vegetation in 
the long period which we suppose? 

The answer to this is, again, that the flat-rocks 
are more or less self-perpetuating. Conditions there 


exposed rocky areas in 
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are extreme, at least relative to those prevailing in 
nearby areas. Both on the rock surfaces and around 
their margins, the pioneer plants are small, usually 
annual in duration and adding little or nothing to 
the soil in which they grow; much of the plant 
material persisting above ground is blown away dur- 
ing periods of drought, along with a good share of 
the soil itself. Wind is responsible also for the dis- 
placement of mats of soil and vegetation; it is not 
an uncommon sight on the flat-rocks to see whole 
mats, ineluding one or more small trees, uprooted 
by high winds. Trees about the margins of the 
exposures are equally liable to this mishap, as there 
is insufficient means of anchorage in the shallow soii. 
It is quite true that a certain amount of soil may 
be built up in depressions and along margins of the 
rocks. The accumulations of years, however, are not 
infrequently washed out by single heavy rains, leav- 
ing the unchanged rock exposed again. It is also 
true that vegetation mats may be built up for a num- 
ber of years and then, even in a year of otherwise 
normal rainfall, a rainless period of some weeks may 
so desiceate the shallow exposed areas as to kill all 
plants therein, thus inereasing the effect of the ero- 
sive action of wind and water. Fire also, especially 
during dry. seasons, is a serious menace to the vege- 
tated areas, often completely destroying all living 
plants and reducing burned areas to bare rock, or 
leaving them with a thin covering of mineral soil. 
The combined destructive effects of the above factors 
must be at least equal to the constructive effects of 
growth and succession; if plant succession and growth 
are at all effective as soil-building agents, their work 
is extremely slow, so that the flat-rocks are now 
essentially in equilibrium with their surroundings. 
It must be remembered also, in this connection, that 
the plants which can exist on and around the granitic 
exposures are not the ordinary mesophytie species 
of nearby fields and woodlands but conservative and 
highly specialized species. It follows that succession 
is slower than in old fields or other areas of secondary 
growth. The indigenous species do not spread rap- 
idly on the rock surfaces, and the more aggressive 
species of other habitats cannot spread to the rocks 
because of the more severe conditions prevailing 
there. 


HISTORICAL SKETCH 


Although a few of the early naturalists visited the 
flat-rock region, their comments upon these exposures 
are disappointingly few. Bartram’s account is quoted 
above; the exact location of his flat-rock is uncertain, 
but it was evidently in the neighborhood of Camak, 
Georgia, just east of Rocky Comfort Creek. Accord- 
ing to Dr. Francis Harper, who has investigated 
Bartram’s route very thoroughly, it was “evidently at 
the junction of roads coming southwest from Wrights- 
borough and west from Augusta. This junction is 
shown on the Faden Atlas of 1776 as just east of 
Rocky Comfort Creek, approximately where Camak 
is now” (in a personal letter, September 26, 1941). 
In regard to another of the early visitors, André 
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Michaux, we have but little additional information. 
His journal (Michaux 1889) is exceedingly laconie 
and says simply, under the entry for April 23, 1795, 
“passé par Flat Rock.” On the previous day he had 
passed through “Cambden,” South Carolina and 
stayed the night about ten miles north of Camden 
on what was then the main stagecoach road;? it is 
now known loeally as the “Old Flat-Roek Road.” 
About 15 miles north of Camden this road passes 
directly over the edge of a granite exposure of sev- 
eral acres, and it was presumably here that Michaux 
collected the original specimens of Sedum pusillum 
and Senecio tomentosus. The former, according to 
the account in Michaux’ “Flora” (1803) came from 
“Carolina septentrionali, loco dicto Flat-Rock” and 
this has usually been supposed to refer to some 
loeality in North Carolina. The entries in Michaux’ 
journal, however, indicate that in his several trips to 
the mountains of North Carolina he followed a route 
which was exactly that of the stagecoach road just 
referred to, which proceeded from Camden, South 
Carolina, to Charlotte, North Carolina, and thence to 
Morganton and Lineolnton, North Carolina. He does 
not, so far as can be determined, make any reference 
to any flat-rock in North Carolina, but he must have 
passed repeatedly over the exposure above Camden 
and it appears that the phrase “in Carolina septen- 
trionali” should be taken to mean “northern” or 
“upper” Carolina, and that the flat-rock referred to 
is the one north of Camden. 

The next botanist to visit the flat-roecks was prob- 
ably Thomas Nuttall. There is no direct record of 
the routes followed by Nuttall in the southeastern 
United States, but Dr. Francis W. Pennell has re- 
cently traced, by means of the entries in Nuttall’s 
“Genera” and from other sources, the course of his 
American travels. Dr. Pénnell concludes that in the 
winter of 1816-17 Nuttall came from Morganton to 
Lineolnton, North Carolina, thence to the “Flat Roek 
above Camden” and on to Charleston; it is prohable 
that he followed the same post road that Michaux 
had traversed more than two decades before. Nuttall 
found, presumably at this time, the plant now known 
as Diamorpha cymosa; mistakenly identifying it with 
Sedum pusillum of Michaux, he ~-deseribed it as 
“Tillaea? cymosa,”’ with the comment that it was 
“Collected in winter on the ‘Flat Rock’ above Cam- 
den in North Carolina, growing with mosses in the 
wet and gravelly excavations of the rock, in the same 
place where it was discovered by Michaux, and hith- 
erto found in no other spot .. .” (Nuttall 1818). 

Dr. Pennell has suggested tentatively, in the ac- 
eount referred to above, that Nuttall’s “Flat Rock 
above Camden in North Carolina” may have been 
southeast of Lineolnton, near the South Carolina line 
(Pennell 1936). Nuttall’s substitution of North for 
South Carolina was apparently, however, simply a 
eareless slip on his part. It is evident that Nuttall 
himself was in no doubt that his loeality was the 
same as that of Michaux, which is almost certainly 


2 Abraham Bradley’s Map of the United States, 4th ed., dated 
about 1796; a copy is in the Library of Congress. 
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in South Carolina. Moreover, Nuttall’s original eol- 
lection of “Tillaea? cymosa” is still preserved in the 
herbarium of the Academy of Natural Seiences in 
Philadelphia, accompanied by this note in his own 
handwriting: “Collected on the Flat Rock west of 
Cambden, South Carolina, where Michaux discovered 
it.” This seems to establish beyond eavil the identity 
of the outerop visited by Nuttall.8 

In addition to the discovery of Diamorpha cymosa, 
Thomas Nuttall is responsible for that of Arenaria 
brevifolia. This was in 1830, as he passed across 
southeastern Georgia from Tallahassee to Savannah; 
he is known to have Altamaha River 
about the middle of March and he is supposed to 
have found the Arenaria near Reidsville, Tattnall 
County, Georgia, on the flat sandstones of the Alta- 
maha Grit (Pennell 1936; Harper 1904). 
brevifolia, after its discovery by Nuttall, seems to 
have been lost to science until it was rediscovered on 
Stone Mountain by Gray in 1875. 

The first resident botanist of the flat-rock region 
was the distinguished Lewis David von Sehweinitz, 
who lived at Salem, North Carolina, for the period 
from 1812 to 1822. He found time, in the midst of 
his arduous work for the Moravian Church, to eol- 
leet many plants and, while he himself did not report 
upon all of them, several of the characteristic plants 
of the flat-rocks were first deseribed from the col- 
lections made by him. These include Lindernia mon- 
ticola and a eommon and characteristic lichen, 
Cladonia caroliniana. 

After the day of Nuttall and Schweinitz, botanical 
exploration of the flat-rocks languished until after 
the Civil War, although there are a few records of 
visitors to the region in the interval. Dr. M. C. 
Leavenworth, who was by profession an Army sur- 
geon and by avocation an enthusiastic amateur bot- 
anist, collected in 1836, in what is now Rockdale 
County, Georgia, the original material of Amphian- 
thus pusillus, which is said to have grown “in small 
excavations on flat rocks, where the soil is wet dur- 
ing the flowering season” (Pennell 1935). At the 
time of Leavenworth’s death in 1862 his chief claim 
to botanical fame was that he, and he alone, had 
and collected living plants of Amphianthus 
pusillus! In a characteristic vein Asa Gray (1863) 
said of him in an obituary: 


crossed the 


Arenaria 


seen 


“While in the army .. . he indulged his strong 
botanical tastes, and did useful service, by observ- 
ing and collecting the plants within his reach, 
which he communicated to Dr. Torrey along with 


* A critical reader will note that Sedum pusillum Michx. and 
Diamorpha cymosa were mistakenly supposed by Nuttall to be 


identical. He was followed in this error by Elliott, who, al- 
though he lived in the region where both species grew, was 
personally acquainted with neither (Elliott 1821). The two 


species were also confused by Torrey & Gray (1840) although 
the authors indicated by the use of the conventional symbol (!) 
that they had seen type material of both. It wes not until the 
spring of 1875, when Asa Gray visited Stone Mountain, where 
both plants occur, that he realized the difference between them; 
an account of his visit may be found in a note published in 
1876, and in his “Letters’’ (Gray 1876, 1893). A fragment of 
the type material of Sedum pusillum from the Michaux her- 
barium is now in the Gray Herbarium; it is clearly the species 
as it is currently understood. 
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These were the more important as 


copious notes. 
his dried specimens were seldom neatly preserved.” 


lr 
Rev. 


age. 


August, 1846, Stone Mountain was visited by 
Thomas C. Porter who was then 24 years of 
Porter, a native of Pennsylvania, served a year 
at a mission church in central Georgia and made 
several botanical trips during this period (Harsh- 
berger 1899). On his visit to Stone Mountain he 
collected a plant which was named for him by Gray, 
Rudbeckia? porteri. This species, now ealled Vigui- 
era porteri, was not yet in fruit at the time of Por- 
ter’s that unable to assign it 
positively to a particular genus. Two years later 
H. W. Ravenel of South Carolina discovered at the 
same locality an oak which Rev. M. A. 


visit, so Gray was 


Curtis de- 
seribed as new, under the name of Quercus georgiana. 
At the same time Ravenel collected additional mate- 
rial of the Viguiera. Ravenel’s visit to Stone Moun- 
tain was probably in September, as his original notes, 


Fig. 5. Two views of 
Stone Mountain, the largest 
and steepest of the granitic 
exposures. In the forested 
areas near the summit are 
large trees of juniper and 
loblolly pine, which are en- 
abled to grow there by the 
presence of deep cracks and 
series of high ledges, some 
several times taller than a 
man. Although Stone Moun- 
tain and a few surrounding 
hills belie the name of flat- 
rocks, conditions and vege- 
tation on them are similar 
to those on exposures where 
the granite surfaces are less 
steeply sloping. 

The upper picture is taken 
from ‘‘The Granites and 
Gneisses of Georgia’’ (Wat- 
son 1902, plate I); the 
lower is from a photograph 
by the U. S. Army Air Serv- 
ice, originally reproduced as 
plate XXII of the ‘‘ Phys- 
ical Geography of Georgia’’ 
(LaForge, et al. 1925). 
The Director of the Depart- 
ment of Natural Resources, 
Atlanta, Georgia, has given 
his permission for the re- 
publication of these plates. 
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which accompany the Stone Mountain specimen of 
porteri in his herbarium, are marked 
“Sept.” Ravenel later (1876a, 1876b) published sev- 
eral which indicate that he was one of the 
earliest botanists to be impressed by the peculiar 
flora of this largest of all the granitic exposures. 

In one of these notes he says, in reference to 
“Rudbeckia? porteri” : ; 


Viguiera 


notes 


“T found this species in 1848 at Stone Mt., Ga., 
growing abundantly on the ridges and top of the 
mountain with Quereus Georgiana. Prof. T. C. 
Porter had just preceded me in its discovery and 
the uncertain genus was dedicated to him. I have 
never heard of it anywhere else. 

“This outlying granitic peak in middle Georgia 
seems to have an interesting Flora. Besides Quer- 
cus Georgiana and Rudbeckia? Porteri, I found a 
well-marked variety of Hypericum Prolifieum, 
and Mr. Canby has sinee (in 1869) found a new 


” 


species of Isoetes. 
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Porter’s visit to Stone Mountain was the first ever 
made by a naturalist. This may seem odd, consider- 
ing the interest that has attached to this great mono- 
lith in the near-century since his visit. It is more 
easily explainable, however, if one remembers that 
western Georgia was not politically organized until 
well after 1800. “Rock Mountain” appears as early 
as 1818 on Eleazer Early’s “Map of the State of 
Georgia,” but at that time, as the map indicates, 
there was no organization west of Jackson County; 
“Rock Mountain” was in Indian territory, the “Chero- 
kee Country,” where there were no roads. DeKalb 
County was established in 1822, and the town of 
Stone Mountain, correctly located, appears on David 
H. Burr’s “Map of Georgia & Alabama,” dated 1839. 
On early maps “Rock Mountain,” as it was usually 
called, was often inaccurately located; the usual error 
was to shift it far to the northeast of its actual posi- 
tion, to the vicinity of the present town of Gaines- 
ville. 

After the Civil War several botanists visited Stone 
Mountain, one of the first being W. M. Canby, whose 
collections in 1869 led to the description of Jsoetes 
melanospora and Juncus georgianus, both of which 
are restricted endemies. Late in the nineteenth cen- 
tury John K. Small botanized rather extensively in 
the Piedmont region and described from the granitic 
exposures of Georgia and North Carolina a number 
of new species, including Rhynchospora saxicola, 
Tradescantia hirsuticaulis, Hypericum  splendens, 
Kneiffia subglobosa, and Laciniaria microcephala. 

In recent years a number of students of the plants 
of the southern United States have devoted their at- 
tention to the vegetation of granitic areas of this 
sort, but relatively. few significant papers on the sub- 
ject have been published. The author of the earliest 
of these (Whitehouse 1933) dealt with the vegetation 
of a dome-shaped granite mass in Llano County, 
Texas. Oosting & Anderson (1937) were concerned 
primarily with plant succession on steep granitic 
slopes in western North Carolina. In a later paper 
the same authors dealt directly with the vegetation 
of a series of flat-rock exposures in the lower 
Piedmont of North Carolina (Oosting & Anderson 
1939). In all these papers, and particularly those 
of Oosting and Anderson, much stress has been laid 
upon the study of suceessional stages in various habi- 
tats, and ample descriptions of the plant-associations 
are found therein. 


VEGETATION OF SURROUNDING AREAS 


It is desirable to review briefly at this point the 
vegetation of the areas surrounding the flat-rocks, in 
order clearly to establish the identity of this series 
of granitie exposures as a vegetational unit. Most 
of the flat-rocks, if not adjacent to cultivated or 
abandoned fields, are surrounded by forests domi- 
nated by species of oaks and pines. These, with few 
exceptions, are second-growth stands in which the 
dominant trees are loblolly pine (Pinus taeda). Pinus 
echinata is usually present, as are several species of 
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oaks, including Quercus falcata, Q. alba, Q. stellata, 
Q. coccinea and sometimes Q. marilandica. In Geor- 
gia and Alabama, at least, Q. nigra and Q. phellos 
are often abundant. Other important arborescent 
species are Carya alba, Ulmus alata, Liriodendron 
tulipifera, Sassafras albidum, Liquidambar styraci- 
flva and Diospyros virginiana. Among the tree 
species of the understory are Ilex opaca, Cornus 
florida, Viburnum rufidulum, Cercis canadensis and 
Crataegus spathulata. The shrub layer is notable for 
the presence of Huonymus americana, Aesculus oc- 
tandra, Vaccinium stamineum, and, where the shade 
is not too great, Rhus copallinum and Callicarpa 
americana. Characteristic woody vines are Vitis 
rotundifolia, Gelsemium sempervirens, Bignonia cap- 
Smilax rotundifolia and Smilax glauca. 
Among the chief herbaceous species in this associa- 
tion are Stipa avenacea, Melica mutica, Psoralea 
pedunculata, Viola pedata, Chimaphila maculata, 
Amsonia tabernaemontana, Asclepias variegata, Sal- 
via lyrata, Aureolaria virginica, Hedyotis purpurea, 
Elephantopus carolinianus, Antennaria plantagini- 
folia, Chrysogonum  virginianum, and Hieracium 
The forest conditions are semi-xerophytiec, 
most of the species also oceurring freely in dry 
thickets where the degree of shade is less and the 
conditions of moisture even more extreme. Around 
the borders of such forests and in abandoned fields 
the characteristic plants inelude Andropogon spp., 
Smilax glauca, Cocculus carolinus, Prunus angusti- 
folia, Clitoria mariana, Euphorbia corollata, Rhus 
copallinum, Passiflora incarnata, Oenothera fruticosa, 
Asclepias tuberosa, Salvia lyrata, Penstemon aus- 
tralis, Plantago virginica, Gnaphalium obtusifolium 
and smalliit, A more complete list of the 
flora of this region may be found in a paper by Dr. 
Roland M. Harper, on the flora of middle Georgia; 
the species he mefitions are, with some exceptions, 
characteristic of the Piedmont region from North 
Carolina southward (Harper 1900). The vegetation 
of the Piedmont of North Carolina is discussed in 
detail by Oosting (1942), in a paper published since 
the present article went to press. 

It is evident at a glance, to anyone familiar with 
the plants of the Southeast, that the above lists in- 
clude a high percentage of species known for their 
aggressiveness or for their attributes as pioneers in 
fields and eleared lands. Few of them are character- 
istie of the original forests and many of them be- 
come weeds. The second-growth forests of the south- 
eastern Piedmont have a high degree of uniformity 
in composition and anywhere in the region one can 
easily locate old-field areas which are being invaded 
by loblolly pine and associated deciduous species in- 
cluding sweet gum, persimmon, and sassafras. 

In striking contrast to these old fields and forests 
are the flat-rock areas, which are populated by a 
small and specialized group of species of an aspect 
quite different from those of adjacent areas. Among 
the species which are constantly associated with the 
flat-rocks one finds relatively few woody plants; on 
the contrary, the percentage of short-lived annuals 
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is large and many species have succulent leaves and 
stems or bulbous bases. Succession is slow; the in- 
digenous plants of the granitie exposures are in 
marked equilibrium with their environment and 
spread very little. Even more noticeable is the 
strictness with which the aggressive old-field and for- 
est species are excluded; about a half-dozen members 
of the old-field flora, chiefly annuals, oceur abun- 
dantly in grassy or soil-filled depressions on the rock 
surface, but one looks in vain for such common 
species as Clitoria mariana, Euphorbia corollata, 
Passiflora inearnata and Asclepias tuberosa, which 
oceur commonly in secondary successions in the 
vicinity. 

In summation it may be said that the flora of the 
flat-rocks comprises roughly 100 species, including 
those which occur on all or nearly all the outerops or 
are known to be endemic or at least of restricted 
distribution. But few of these species are abundant 
elsewhere in the vicinity, and even these appear to be 
indigenous on the flat-rocks. 


DEVELOPMENT OF VEGETATION 
ON FLAT-ROCKS 


The successional stages and the development of the 
vegetation upon the granitic surfaces have been most 
critically studied by Oosting and Anderson (1937, 
1939). There appear to be two principal successional 
series, which are initiated by wholly different sets of 
pioneer species. The first series is initiated on the 
dry, bare, and relatively smooth surface of the rock 
itself, and the second has its genesis in wet or dry 
depressions on the same surface. Crevice succession, 
emphasized by Whitehouse (1933) in her diseussion 
of more or less similar granite areas in Texas, is of 
relatively less significance on the flat-rocks, except 
in certain areas in which crevices abound. On Stone 
Mountain, Georgia, and on a few neighboring granite 
hills, ineluding Little Stone Mountain (Pine Moun- 
tain), Mt. Arabia, and Panola Mountain, the smooth 
surfaces of the rocks are of varying slopes; in 
some places the sides of these hills approach the 
perpendicular. Large amounts of rubble accumulate 
locally at the bases of the steeper slopes as a result 
of exfoliation of the surfaces. Here, and in the cracks 
resulting directly from the exfoliation, a number of 
erevice plants occur and flourish. It is probably 
chiefly this feature that accounts for the presence, 
on these few hills, of species which are not other- 
wise associated with the flat-rocks. In this category 
are various ferns, including Asplenium spp., Cheilan- 
thes tomentosa, Dryopteris marginalis and Pellaea 
atropurpurea. Other species, chiefly shrubs, include 
Philadelphus grandiflorus, Ribes curvatum, Amelan- 
chier spp., Ptelea trifoliata, Rhus aromatica, Hyperi- 
cum splendens, and Bumelia lycioides. Except for 
the increased abundance of plants of crevices. and 
boulder-slopes, there is little difference between the 
successional relations on the steep granitie exposures 
in the vicinity of Stone Mountain, on the one hand, 
and the level or rolling exposures elsewhere. All 
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have therefore been discussed together under the 
term of “flat-rocks,” although many of them belie 
this designation. In connection with crevice succes- 
sion it is worth noting that, with some exceptions, 
the pioneer plants of this habitat are the same as 
those which initiate succession in other depressions; 
some of the species common to both types of habitat 
on the Texas granites are: Selaginella riddellii, 
Sedum nuttallianum, Hypericum gentianoides, Fim- 
bristylis autumnalis, Coreopsis basalis var. wrightii, 
Festuca octoflora, Agrostis elliottiana, Lechea tenui- 
folia and Tripogon spicatus (Whitehouse 1933). 
Crevice succession differs from that in flat sandy 
depressions mostly in the later stages of the series, 
when deep-rooted perennials have become extensively 
established in the erevices. In the Piedmont region, 
however, the flat-rocks are unusually free from joints 
and erevices; erevice succession is of minor impor- 
tance, and we may confine ourselves to discussion of 
the following series: 


Succession oN Rock SuRFACES 

The earliest macroscopic plants which become estab- 
lished on the bare rocks here, as in other localities 
where similar successions have been studied, are 
erustose lichens and mosses. Until the work of 
Oosting and Anderson in North Carolina it had al- 
most universally been assumed that primary impor- 
tance attached to the lichens and their soil-building 
activities. These workers pointed out that both in 
western North Carolina and in the lower Piedmont 
of the same state, in both cases on relatively smooth 
outerops of granitic rocks, erustose lichens accumu- 
lated “so little soil as to be of no importance in 
aiding later plants to become established” (Oosting 
& Anderson 1939). Crustose lichens of the genus 
Verrucaria are abundant on the granites both in the 
Southeast and in Texas, where they occupy as much 
as 90 percent of the exposed area (Whitehouse 1933). 
Although no definite statement in regard to the soil- 
building capacity of Verrucaria is made by White- 
house, she says: “Their corrosive action [that of the 
lichens] is largely nullified by the immediate trans- 
port of all loosened particles through wind and 
water action, so that this stage is greatly prolonged. 
Furthermore, just as foliose forms are becoming 
established, exfoliation of the: granite by weathering 
frequently exposes a new surfaee.” 

Oosting and Anderson pointed out further that the 
earliest effective pioneers on bare surfaces -were in- 
variably mosses, which invaded the unoceupied areas 
regardless of previous occupation, or lack of it, by 
lichens. In the mountains of North Carolina they 
found the principal pioneers to be Rhacomitrium and 
Andreaea, while on the flat-rocks of the Piedmont 
Grimmia laevigata was found to be the regular pio- 
neer mat-former. 

The conditions in eastern North Carolina appear 
to be identical with those which obtain throughout 
the region of the flat-rock exposures. Although 
erustose lichens abound, they. seem without exception 
to take no part in any process of soil-building. Re- 
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peated examinations of the rock surfaces at many 
localities have well borne out the conclusions of 
Oosting and Anderson; small mosses, chiefly Grimmia 
laevigata but apparently also Grimmia olneyi and 
Hedwigia ciliata, are able to establish permanent col- 
onies on the bare rocks without any previous oceu- 
paney by plants. Apparently spore germination is 
accomplished by means of the infinitesimally small 
amounts of water which are held in erevices too small 
to be visible to the unaided eye; here it may be that 
this process is aided by the water-adsorbing qualities 
of the granite. After the moss plants become estab- 
lished they cateh and retain a certain amount of 
mineral soil which blows or washes over them. In 
this way moss-mats are built up radially, the soil 
often accumulating until the mats are several centi- 
meters in depth and only the tips of the plants are 
visible. 

It has ordinarily been assumed that foliose lichens, 
as well as mosses, play a considerable part in. soil- 
building on exposed surfaces. The evidence from 
the flat-rocks leads to the conclusion that their con- 
tribution has been overrated. Parmelia conspersa 
becomes established readily, either directly on the 
rock surface or after the establishment of a moss, 
but there seems to be no significant accumulation of 
soil in the patches formed by this lichen. In facet, 
where lichens, principally. Cladonia and Parmelia, 
invade the moss-mats, soil-formation may be retarded 
and removal of the lichens will usually expose a bare 
area in the midst of the moss. 

These early stages of mat-formation are ex- 
tremely slow. The pioneer mosses may be desiccated 
for considerable periods at any season of the year 
and their growth at best is not rapid. Soil aceumu- 
lation is further retarded by wind and rain, which 
doubtless aet more often as destructive agencies in 
this respect than as constructive ones. 

The mats of moss may attain considerable size 
before invasion by other plants, but eventually either 
lichens or, more rarely, vascular plants establish 
themselves in the mats. The usual invaders are 
Cladonia sylvatica, C. caroliniana or C. leporina or 
two or more of these together. The usual place of 
invasion is at the center, or oldest portion of the mat, 
after which both mosses and lichens may spread 
radially, this resulting in coneentrie rings of vegeta- 
tion. This is well expressed by Oosting and Ander- 
son (1939). 


“These invaders advance centrifugally over the 
mat at about the same rate that the pioneers 
spread upon the rock, and they may themselves 
be superseded by other species which again invade 
the central area. This results in a series of more 
or less concentric girdles, each representing a 
stage in mat development. The pioneer stage is 
invariably at the periphery, the most mature at 
the center.” 


After the establishment of the Cladonias in the 
mats, or sometimes even before this, the mosses are 
regularly invaded by one or more short-lived annuals, 
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including principally Arenaria brevifolia, Diamorpha 
cymosa, Crotonopsis elliptica, Hypericum gentianoides 
and Hedyotis crassifolia. In North Carolina Selagi- 
nella rupestris commonly acts as an invader at this 
time, but this species is not regularly associated with 
flat-rocks elsewhere. It is probable that the annual 
species associated with the mats of Grimmia con- 
tribute relatively little to the formation of soil. 
Their underground parts are small and the whole 
plant is often blown or washed away after it has 
completed its life eyele. Given enough time, how- 
ever, these species add a certain amount of humus 
material to the soil which aceumulates through other 
causes and the Grimmia mats become thick enough 
to allow still other species to invade the community. 

A significant step in the development of vegetation 
on the flat-rocks is the invasion of the Grimmia- 
Cladonia mats by Polytrichums, chiefly P. ohioense 
and P. commune. After the Polytrichums have be- 
come established, the pioneer species, both moss and 
lichen, soon disappear. The mats of Polytrichum, 
which are often 10 to 15 em. deep or even more, have 
water-holding capacity far greater than that of the 
Grimmia-Cladonia mat and, in addition, mechanical 
conditions in the Polytrichum masses are such that 
seeds lodge readily in them and may germinate and 
the seedlings survive. It is in the mats of Poly- 
trichum, therefore, that one finds the beginnings of 
invasion by various aggressive herbaceous species, 
chiefly annuals, and even by occasional plants of 
such hardy woody species as Rhus copallinum and 
Pinus taeda. It is also the rapidly growing mats of 
Polytrichum that impress one with a striking sue- 
cessional phenomenon of rather general application : 
As the Grimmia mats are invaded successively by 
lichens, or lichens and Selaginella, and then by Poly- 
trichums, each invader advances centrifugally some- 
what more rapidly than the species just preceding 
it. It is enabled to do this, within limits, by its own 
growth and the consequent accumulation of plant 
material; Polytrichum, for example, because of its 
own water-holding capacity and the impetus which 
this lends to its own further growth, easily extends 
its limits to the edges of the Grimmia mats and even 
beyond them. Dr. Anderson kindly points out (in 
a letter, Mareh, 1942) that in mats which have a 
marginal zone of such mosses as Polytrichum, Phil- 
onotis, and Aulacomnium, radial growth of the mats 
may be retarded because of the inability of these 
mosses to act as pioneers on the bare rocks; after 
the accumulation of soil in the moss-mat, however, 
the mat as a whole may increase in size rather rapidly 
without the initiation of such growth by the usual 


pioneer species but rather as a result of the soil- 
holding capacities of vigorous annual angiosperm 


species which may completely cover the mat. 

The final stage in the development of vegetation 
on bare rock is the formation of a mat of perennial 
grasses and grasslike plants, dominated by Andro- 
pogon with Panicum, Juneus and Rhynchosporz 
usually present. Characteristic associates are Rumex 
hastatulus, Oenothera fruticosa, Coreopsis grandi- 
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flora, Senecio tomentosus and Viguiera porteri. Some 
woody plants may persist for a time, perhaps the 
hardiest being Vaccinium arboreum, Juniperus vir- 
giniana and Rhus copallinum. These, however, are 
never present in quantity and the high percentage of 
dead and dying individuals indicates that the habitat 
is not very suitable to their growth. 

SuccEsson IN Depressions ON Rock SURFACES 

The development of vegetation in depressions dif- 
fers from that on bare rock chiefly because water 
and soil are retained longer in the depressions. The 
bare-rock pioneers are unable to establish themselves, 
either on the mineral soil which accumulates in the 
low spots, or when covered by water. The water- 
level in these depressions depends upon the com- 
bined effects of rainfall and evaporation, so that it 
fluctuates in an exceedingly irregular manner and 
actual pools are sueceeded by waterless sandy areas. 
Many of the depressions have originated as weather 
pits and have retained their characteristic shallow- 
ness and flat bottoms. The soil is rarely more than 
5 to 10 em. in depth, which is insufficient for the 
maintenance of plant life over prolonged periods of 
drought. Few species are able to withstand the 
alternate submergence and desiceation to which they 
are subjected in these depressions. The exceptions 
to this are the few annuals whose life eyeles cor- 
respond to the periods when moisture conditions are 
most suitable for plant growth, and a very few 
specialized perennials, including Isoetes melanopoda 
and Talinum teretifolium, whose rootstocks seem able 
to withstand almost complete desiccation. These 
species are rather sharply segregated into a spring- 
flowering and a fall-flowering group, the shallow 
sandy depressions remaining almost bare through 
the summer months. In the spring many depres- 
sions of this sort are almost completely filled by 
myriads of plants of the tiny succulent Diamorpha 
cymosa, which from mid-winter until its flowering 
season in April covers all the outerops with patches 
of brilliant red. This species grows best in a min- 
eral soil which is not too wet, and which is not too 
densely populated by other plants. It is usually 
unable to grow in areas into which soil from ad- 
jacent fields or woodlands has been washed. Its 
associates are few; they include, where the soil is 
not too shallow, Arenaria brevifolia, Agrostis elli- 
ottiana, A. hyemalis, and Riccia dictyospora. The 
autumnal phase of these depressions is somewhat 
richer in species; beginning in July or August, reach- 
ing a maximum in September and continuing until 
November or even December, a considerable growth 
manifests itself. Most abundant are members of the 
Cyperaceae, including Cyperus aristatus, C. granito- 
philus, Fimbristylis autumnalis, F. annua and Bul- 
bostylis capillaris. A single species may form an 
almost pure stand or all may occur intermingled, 
but the general aspect of a grassy plot is usually 
imparted to the level sandy depressions by the dense 
stand of these species. Common also are Portulaca 


smallii and Talinum teretifolium. 
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Shallow dry depressions of the kind just discussed 
give little evidence of suceessional development. It 
is probable that they represent one of the most 
stable habitats on the flat-rocks; the few species 
which ¢an survive there contribute but little to the 
thin layer of mineral soil which is self-perpetuated 
in its shallow state. 

An equally stable habitat is maintained in a series 
of slightly deeper, flat-bottomed depressions which 





Fie. 6. 
contain a thin layer of soil sparsely covered by seat- 
tered plants of Diamorpha cymosa; the flowering plants 
appear in the picture as small, light-colored irregularities 


Weather pits in a level surface. These pits 


on the surface. 
Mareh, 1939. 

Fie. 7. A weather pit partially occupied by soil and 
vegetation. The crescent-shaped, water-covered area at 
left is essentially soil-less; the dark portion at right is 
covered by shallow soil which supports a stand of 
Diamorpha. Greensboro, Georgia, March, 1939. 

Fig. 8. A somewhat more advanced stage of succes- 
sion than that shown in Figure 7. The entire depression 
is soil-covered, and Diamorpha has become established 
over the whole surface except at right, where a colony 
of Cladonia is being invaded by herbaceous species. On 
the left margin of the depression may be seen several 
small mats of Grimmia, their limit of growth sharply 
marked by the ordinary high-water line in the pool. 
Greensboro, Georgia, November, 1937. 


Eatonton, Putnam County, Georgia, 
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are surrounded by a continuous rim of rock and 
hence retain standing water for several weeks fol- 
lowing every rain. These are not in any sense per- 
manent pools, as summer droughts invariably leave 
them perfectly dry. Like the majority of the shal- 
low flat depressions on flat-rocks, they are unsuited 
to the growth of ordinary plants because of the 
alternating periods of inundation and drought which 
prevail there. They differ, however, from the de- 
pressions in which Diamorpha cymosa and its asso- 
ciates grow in that they are actually flooded, with 
the soil covered by several centimeters of water, for 
some weeks each winter and spring. In some of the 
deepest of these weather pits the standing water may 
reach a depth of 20 em. It is probably as a conse- 
quence of this periodie and prolonged flooding that 
the sedges and other species enumerated in the pre- 
ceeding paragraphs are excluded from these pools; 
the flora of such pools is limited to two or three 
species, all of which behave as true aquaties during 
their growing season. Two of these are quillworts, 
Isoetes melanospora and I. melanopoda; the former 
is rigorously confined to this habitat, oceurring no- 
where except on the flat-rocks in the region of Stone 
Mountain. Amphianthus pusillus, which is peculiarly 
adapted to changes in water-level during its flowering 
period, also flourishes in these semi-permanent pools. 
Its flowers are borne on long slender peduncles 
which reach the surface of the water, and are pro- 
duced also at the base of the plant after the water 
in the pools has evaporated. The extreme restriction 
of this species to a single habitat, added to its high 
degree of vegetative and reproductive specialization, 
indicates that it has flourished in its present habitat 
for a very long period, and that these shallow pools 
have persisted for a similar period without appreci- 
able change. 

It is evident that succession is greatly retarded in 
shallow depressions of all kinds; the rate of succes- 





Fie. 9. 
covered by vegetation. The center is occupied by a 
lichen mat, in which the erect dead stems of Crotonopsis 
elliptica and Hypericum gentianoides are visible. The 
shallowest soil, that at the margins of the depression, 
is occupied by flowering plants of Diamorpha cymosa, 
Heggie’s Rock, Columbia County, Georgia, March, 1939. 


A depression on a level surface, now nearly 
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sion is very possibly slower than that which prevails 
on bare-rock surfaces. Many of these undrained 
hollows, however, are eventually filled by soil and 
vegetation, although it is not entirely clear how this 
is brought about. In some eases at least it is initi- 
ated by invasion from the side rather than from 
the center. It is usually possible to mark a sharp 
line of demareation where the pioneer rock-growing 
Grimmias are stopped at the edge of a pool or de- 
pression; the moss-mats commonly extend to the very 
lip or rim of the pool, their limit of growth eor- 





Fie. 10. 


A depression on a sloping surface, in which 
invasion by Cladonias has been extensive; this is a more 
advanced stage of succession than that shown in Figure 
7. Diamorpha cymosa is now restricted to the margins 
of the depression; the lichens appear to be spreading 
radially and have been in turn invaded by herbaceous 


angiosperms. Eatonton, Georgia, March, 1939. 

Fig. 11. A series of weather pits at an advanced 
stage in the successional series; these are now occupied 
by a dense stand of perennial grasses and other herbs; 
like the marginal zone on most of the flat-rocks, they 
are not easily invaded by woody species. Greensboro, 
Georgia, November, 1937. 

Fig. 12. A shallow trough in a gently sloping sur- 
face, oceupied by extensive mats of Selaginella tortipila. 
The dead tree at the extreme right stands in a soil-filled 
depression. Heggie’s Rock, Columbia Co,, Georgia, 
March, 1939. 
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responding to the usual high-water mark in the pool. 
As such mats are invaded by lichens and by Poly- 
trichum it is only a matter of time until some of the 
plants spill over, so to speak, into the pool itself. 
As plant remains and living plants accumulate and 
soil is added to the pool the rate of succession is 
quickly accelerated; after the formation of a Poly- 
trichum mat in the depression the later stages are 
not unlike those deseribed for the succession on bare 
rock. In the initial stages of succession considerable 
importance doubtless attaches to the accidental intro- 
duction of rock fragments, sticks and other objects 
which raise parts of the surface above the water- 
level. Cladonias probably play a considerable part 
in initiating succession in these flat sandy depres- 
sions; they thrive in depressions. where the dry thalli 
are not disturbed by wind, and it is a common sight 
to see the surface of a dry sandy depression entirely 
eovered by plants of Cladonia strepsilis, C. 
iana or C. leporina, or all three. Cladonia sylvatica 
and C. rangiferina are more abundant -about the 
edges of such depressions than on the flat sandy 
surfaces themselves but all must be effective in catch- 
ing and retaining soil which blows or washes past 
them. 


carolin- 


The later stages of succession in depressions are 
slightly less uniform than those on the bare rocks. 
The nature of the invading species depends some- 
what upon the amount of water available 
upon the depth and extent of the depression. In 
North Carolina, according to Oosting and Anderson 
(1939), Selaginella rupestris is excluded from the 
moister mats, while the presence of seedlings of 
Rubus spp., of Ulmus alata and of Liquidambar 
styraciflua is thought to offer good evidence of the 
origin of such mats in moist depressions. Woody 
species survive here slightly better than in soil areas 
on the bare rocks; among these are Callicarpa ameri- 
cana, Forestiera ligustrina, Gelsemium sempervirens, 
Quercus and Vitis rotundifolia. Poly- 
trichums and other mosses, even including Sphag- 
nums, may persist in deep beds in the small thickets 
thus formed, to the exelusion of other herbaceous 
vegetation. 


and SO 


georgiana 


DEVELOPMENT OF A MARGINAL ZONE OF 
VEGETATION 

Most of the species characteristic of the flat-rocks 
are found in the greatest abundance in a narrow 
treeless zone which borders the outerops and may 
extend into them in narrow or broad tongues. Many 
of the species peculiar to this zone are mesophytes 
with no special adaptations to extreme habitat con- 
ditions. They seem, however, to be unable to with- 
stand competition or changes in edaphic conditions 
or perhaps the combination of the two, and so find 
optimum conditions for growth in an area of limited 
extent about the flat-rocks. The soil in this zone is 
similar to that of the vegetational islands on the rock 
surface but it is usually somewhat deeper; a depth 
of a foot is not unusual. Moisture conditions, beeause 
of the deeper soil and also because of the presence 
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of tall herbaceous and arborescent species growing 
just back of the marginal zone, are slightly less 
severe than elsewhere on the flat-rocks. In compari- 
son with ordinary localities in the same region, how- 
ever, drainage in this marginal zone is excessive and 
insolation and evaporation are high, so that com- 
petition from invading species is not great and con- 
servative indigenous plants thrive here side by side 
with species usually considered to be weedy and 
aggressive. It is along this zone, in the spring, that 
one finds almost solid mats of Arenaria brevifolia, 
Phacelia Hedyotis 
crassifolia and Lindernia monticola; sometimes one 
of these oceurs to the exclusion of the others and 
still again several or all of them may occur together. 
In addition to these, this marginal zone includes 
great numbers of plants of Schoenolirion crocewm, 
Rumex hastatulus, Valerianella radiata, Linaria can- 


dubia, Trifolium carolinianum, 


adensis, Northoscordum bivalve, and, in partial shade, 





Fig. 13. 


Depressions in the level surface of an ex- 
posure. .The small depressions in the foreground are 
essentially without soil, while the larger one at the left 
has reached almost the last stage in the development of 
soil and vegetation; it contains a dense stand of shrubs 
and perennial grasses and a single loblolly pine has be- 
come established. Greensboro, Georgia, November, 1937. 

Fic. 14. The margin of a flat-rock. Trees and shrubs 
are unable to establish and maintain themselves except 
beyond a marginal zone of shallow soil. Heggie’s Rock, 
Columbia County, Georgia, March, 1939. 





136 Rocers McVauGH Ecological Monographs 





of Sedum pusillum. This is also the usual habitat of 
Agave virginica, Yucca flaccida, Commelina erecta, 
Tradescantia hirsuticaulis, Talinum teretifolium, and 
Isoetes melanopoda. 

Apparently one considerable factor in the develop- 
ment of a marginal zone of vegetation is in the slope 
of the rocks themselves. The soil above the margins 
of the outerops is wet not only by rain, directly, but 
also by seepage from the woods or fields above the 
outerops. Such seepage is considerable, apparently 
due to the usual slight slope of the outerop and the 
fact that much of the rain which falls penetrates 
only to the surface of the solid rock, whence it flows 
beneath the soil and emerges on the exposed rock 
surfaces. Runoff of this type is naturally slower 
than that of the water which falls directly on the 
rock surfaces and a marginal zone of soil, particularly 
on the upper side of the outerops, is kept more or 
less permanently wet during seasons of even inter- 





Fig. 15. A weather pit with a complete rim of rock. 
Mareh, 1939. 
Fic. 16. Invasion of pioneer plants after disturbance of the rock surface. Surface quarrying has removed the 
rock from an area extending to the ledge in the background; the pool in the foreground is occupied by Isoetes 
melanopoda, the leaves of which appear above the water, and by Pilularia americana. Loganville, Walton County, 
Georgia, March, 1936. 


Fic. 17. A well-defined road, passable to trucks, crosses the flat-rock near Greensboro, Greene County, Georgia. 


November, 1937. 


Fic. 18. The flume at Echols’ Mill, Oglethorpe County, Georgia; the flat-rock crosses the creek at this point and 
is exposed on the far side. The automobile road likewise crosses here, passing under the flume at a convenient 


ford. April, 1938. 
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mittent rain. This has contributed in many places 
to the formation of small boglike areas dominated 
by Sphagnum, with which are associated such mosses 
as Climacium americanum, Bryum bimum and Phil- 
onotis fontana and such characteristic bog plants as 
Utricularia juncea, Xyris caroliniana and Lobelia 
nuttalli. It is in these sphagnous areas that Rhyn- 
chospora glomerata and Rhexia virginica often occur. 

The vernal aspect of the marginal zone is quite 
different from its aestival and autumnal aspects. 
The soil is almost unbelievably wet and springy 
through the winter and spring months; it remains 
saturated and supports a luxuriant stand of meso- 
phytie species for some time after rains have ceased 
and the sun has dried the surfaces of the adjoining 
fields and other areas in the open. After periods of 
drought, however, this zone suffers from desiceation 
as severe as that in the small areas of soil that are 
built upon the rock surfaces elsewhere, and the sum- 






Summit of Mount Arabia, DeKalb County, Georgia, 
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mer- and autumn-flowering species that grow here 
are relatively few in number. Talinum teretifoliuwm 
continues to flower well into the autumn months, and 
Coreopsis grandiflora and Commelina erecta complete 
their growing seasons late in the year; even ijater is 
the season for Viguiera porteri, which does not begin 
to flower until August or September. It may be as 
a consequence of this summer desiceation that these 
marginal zones seem relatively stable and appear not 
to be migrating onto the rock surfaces. It may be 
due also in part, as suggested by Oosting and Ander- 
son (1939) to the faet that the marginal zone is 
shaded in a high percentage of eases. Since Grimmia, 
the chief pioneer on bare-rock surfaces, is unable to 
withstand shade and excessive moisture, it is prob- 
able that suecession cannot be initiated to any extent 
along wooded margins. 

In summation, there is found on the flat-rock ex- 
posures a rather uniformly distributed group of 
species, all or nearly all of which oeeupy consistently 
the same places in the association and most of which, 
while regularly abundant on the flat-rocks, are of 
but sporadie oceurrence elsewhere in the Piedmont 
or are strictly confined to the flat-rocks. The evi- 
dence points toward a definitely established but very 
slow vegetational succession which is approaching an 
equilibrium with its surroundings or has even in 
some cases reached this condition. As the character 
of the association has proved to vary so little from 
outerop to outcrop and as the development of vegeta- 
tional series seems also to be fixed in a remarkably 
uniform manner, it is impossible to eseape the sug- 
gestion that the existing situation on the flat-rocks 
has developed over a very long period of time dur- 
ing which the several species which now make up the 
flora have evolved in their several ways. Certain 
species have been selected for further consideration: 
these seem, because of their persistent correlation 
with specific habitats and/or their occurrences at a 
majority of the known outerops, to be the most 
typical members of the flat-roeck associations. 
species prove to have in common certain things which 
appear to bear on the question of the origin and 
antiquity of the flora as a whole. 


ORIGIN OF THE FLORA 


More than 250 species of plants, including lichens 
and bryophytes, have been recorded from flat-rocks. 
Not all the species reported by Whitehouse from 
Texas have been included in this total as this seemed 
to introduce discordant elements from another flora. 
All the species from the southeastern granitic areas, 
however, including those known definitely through 
field study and collections in herbaria, and also those 
reported by Oosting and .Anderson (1939), Harper 
(1900, 1939), and Huntley (1939) have been con- 
sidered. The total includes weeds of known origin, 


for example Facelis retusa and Trifolium procum- 
bens, which are certainly not indigenous in the area. 
It includes a goodly number of species which are 
abundant in areas adjacent to the flat-rocks and are 
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quite surely accidental or casual immigrants into the 
closed communities. Examples of these are Arisaema 
triphyllum, a characteristic plant of moist woodlands, 
Prunus angustifolia, which is common in fencerows 
and old fields but almost never oceurs elsewhere, and 
Sericocarpus linifolius, which often occurs in and 
about the marginal zone so that it is difficult to judge 
whether it is a member of the flat-rock flora or sim- - 
ply a usual member of the flora of the nearby dry 
thickets and woods. 

When these species of casual oceurrence have been 
excluded there remain about 200 which may be defi- 
nitely identified with the flat-rocks. These are listed 
elsewhere, with notes upon their occurrence. From 
this list two seore species and varieties have been 
selected for further consideration : 

1. Speeies and varieties which are entirely re- 
strieted to the flat-roeck areas. Jsoetes melanospora, 
Panicum lithophilum, Cyperus granitophilus, Rhyn- 
chospora saxicola, Juncus georgianus, Quercus geor- 
giana, Portulaca smallii, Sedum pusillum, Lotus 
helleri, Hypericum splendens, Oenothera linifolia var. 
glandulosa, Oenothera fruticosa var. subglobosa, 
Phacelia dubia var. georgiana, Amphianthus pusillus, 
Gerardia tenuifolia ssp. polyphylla, Liatris micro- 
cephala, Viguiera porteri. 

2. Species which are not wholly restricted to the 
flat-rocks but which find optimum conditions: there 
(diseussion below). Cladonia caroliniana, Riccia 
dictyospora, Isoetes melanopoda, Pilularia americana, 
Agrostis elliottiana, Fimbristylis annua, Scirpus cari- 
natus, Tradescantia hirsuticaulis, Commelina erecta, 
Allium cuthbertii, Nothoscordum bivalve, Schoeno- 
lirion croceum, Agave virginica, Talinum mengesit, 
Talinum teretifolium, Portulaca corenata, -Arenaria 
brevifolia, Diamorpha cymosa, Trifolium  carolin- 
ianum, Polygala curtissii, Crotonopsis elliptica, For- 
estiera ligustrina, Phacelia hirsuta, Lindernia monti- 
cola, Hedyotis crassifolia, Coreopsis. grandiflora, 
Senecio tomentosus. 

The above lists include. those plants most typical — 
of the peculiar vegetation of the flat-rocks; they 
have been selected because they seem to comprise 
the real, conservative, indigenous flora of the rocks. 
They are either entirely restricted, as far as known, 
to these exposures, or they oceupy consistently a 
particular habitat on the flat-rocks and find appar- 
ently optimum conditions there, as indieated by their 
growth and abundance. All or nearly all maybe 
found together on the same outerops in a state of 
apparent equilibrium, but few if any of them are 
found elsewhere in any great abundance, at least in 
the eastern United States; when they oceur else- 
where, they are often found as undoubted weeds or 
in situations where abundance of other plants, pre- 
vents their spread. Nowhere else is any considerable 
number of these species associated in a characteristic 
vegetation-type. 

Of the 44 species and varieties which have heen 
selected as the most “typical” or “characteristie” of 
the flat-rock vegetation, more than one third are 
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endemic on the flat-rocks; so far as known, they 
occur in nature on these exposures only. About ten 
or twelve additional species belong definitely in the 
eategory of rare plants except on the flat-rocks, so 
that more than half of the indicator species in this 
habitat are confined wholly or essentially to it. This 
is a high percentage of endemism or near-endemism, 
especially for a relatively small area which is not 
sharply segregated by broad natural barriers. In 
addition to this high relative amount of endemism, 
the flat-rock flora is peculiar in that at least two of 
its members, Diamorpha cymosa and Amphianthus 
pusillus, are unique; each belongs to a monotypic 
genus which has no close relatives in its family. <A 
third species, Sedum pusillum, is seareely akin to 
any other American Sedum and has by some workers 
been considered the type of another monotypie genus, 
Tetrorum. Most of the other species under consider- 
ation, both those which are actually restricted to the 
flat-rocks and those which oceur elsewhere, are ex- 
ceptionally well marked; few of them are segre- 
gates from other, wider-ranging species, and several 
of them have no obvious derivation from within their 
respective genera. Examples of this last class are 
Tsoetes melanospora, with its sole known relative 
confined to the granite area of central Texas; Juncus 
georgianus, with no very elose relatives in its genus; 
Viguiera porteri, an isolated member of a genus all 
the remaining species of which are west-American and 
Mexican; Agrostis elliottiana, which is unique among 
its congeners because of its annual habit in combina- 
tion with certain characters of lemma and palea; 
Talinum mengesii, which is confined to Georgia, Ala- 
bama, and Tennessee and is strikingly distinct from 
T. teretifolinm, to which it is somewhat closely akin; 
Portulaca which alone of all American 
species bears a peculiar rim at the summit of the 
capsule; Crotonopsis elliptica, which is the only 
member of its genus except for a companion species 
on the lower Coastal Plain. There has been but little 
question of the specifie status of any of these. Many 
additional, supposedly endemic, species have been 
proposed and are now regarded as varieties or merely 
as synonyms of other species. Examples of this are 
Kneiffia subglobosa Small (Oenothera fruticosa var, 
Gerardia polyphylla Small 
spp. polyphylla), Tsoetes virginica var. 
Pfeiffer (7. melanopoda), Commelina 
saxicola Small (C. erecta), Portulaca coronata Small 
(originally proposed as a species distinet from P. 
lanceolata), and Coreopsis varicola Alexander (C. 
grandiflora ). 


coronata, 


subglobosa), (Gerardia 
tennifolia 


piedmontana 


The dominance, in any given habitat, of such a 
group of well-marked and conservative species and 
genera, indicates that the area in question has long 
been open to occupation by plants; the high per- 
centage of endemism among the members of the flora 
is doubtless an indication of the same thing. It 


might be argued that a high percentage of endemism 
points to active genetic segregation at the present 
time; 


if this were the case, however, there would be 
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no such preponderance of clear-cut and unique 
species and genera as actually prevails. 

If the complete geographic ranges of the most 
typical members of the flat-rock association are 
mapped, it at once becomes evident that almost all 
the plants in question, if not confined to the flat-rock 
habitat, are Coastal Plain and Piedmont species 
which have affinities with species of the Mississippi 
Valley or of the Ozark Region or even of the western 
United States and Mexico. Almost without excep- 
tion their ranges fail to extend into the more moun- 
tainous regions of the Blue Ridge and the Great 
Smokies; many of them seem to oceur sporadically 
as weeds at higher altitudes, but the limit of their 
natural abundance seems to coincide with the inner 
margin of the Piedmont. This is well shown by the 
‘range of Crotonopsis elliptica, a semi-weedy species 
(Fig. 19). Essentially the same type of distribution 





Fig. 19. Map of the distribution of Crotonopsis 
elliptica, based on the specimens at the Gray Herbarium, 
the New York Botanical Garden, the U. S. National 
Herbarium, and the Herbarium of the National Arbo- 
retum. The cross-hatched area is that occupied by the 
Blue Ridge Province (after Fenneman, 1938). 


is shown by Pennell’s map of Lineria canadensis, 
which is regarded as an aggressive and deleterious 
weed throughout the eastern Coastal Plain and Pied- 
mont but is apparently not abundant as a native 
plant in the higher mountains (Pennell 1935). These 
species, and many others, although they seem able to 
grow under varying conditions of habitat and to act 
as weeds over large areas, have not invaded the high- 
land to any extent. 

Upon further examination of the regional distribu- 
tion of these species, one sees that the ranges of most 
of the species and the species groups to which they 
belong fall into one or the other of two patterns. 
The first of these has its approximate center in the 
region oceupied by the flat-rocks and extends thence 
in all directions except toward the Blue Ridge; the 
second has its center farther west. 

While no. two species in the first group have com- 
pletely identical ranges, the resemblances between 
them are so striking that one is forced to consider 
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Fie. 20 (left). Map of the distribution of Diamorpha 
cymosa, based on the specimens at the Gray Herbarium, 
the New York Botanical Garden, the Academy of Nat- 
ural Sciences of Philadelphia, the U. S. National Her- 
barium, and the University of Georgia. 

Fie. 21 (right). 
anthus pusillus. 


Map of the distribution of Amphi- 


them as a unit. In the first place there are the re- 
stricted endemics; 17 species and varieties occur 
nowhere, so far as known, except on these granite 
exposures. These endemies include members of 16 
genera and 13 families, divided among the major 
groups of plants. The general range oceupied by 
these restricted endemies is shown by that of Amphi- 
anthus pusillus (Fig. 21); some of the species oceur 
farther northeast, in the Carolinas. 

In addition to the restricted endemies, there are 
several species which are clearly most at home on 
the flat-rocks and oceur but sparingly elsewhere. 
These include species like Diamorpha cymosa, Are- 
naria brevifolia, Talinum mengesii and Lindernia 
monticola, which oceur also on sandstone outerops 
from Florida to Georgia and Tennessee, in habitats 
like those found on the granite exposures (Figs. 20 
and 22). Also to be included here are species which 











Fig. 22. 
cola, adapted from Pennell (1935) and including addi- 
tional records, particularly from Georgia. 


Map of the distribution of Lindernia monti- 
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occur more or less widely in acid sandy soils on the 
southeastern Coastal Plain; these may be referred to 
as “Coastal Plain species,” although they are but 
loeally abundant there and seem nowhere to occur in 
characteristic associations like those on the flat-rocks. 
This second group ineludes Allium cuthbertii, Notho- 
scordum bivalve, Schoenolirion croceum, Trifolium 










































carolinianum, Forestiera ligustrina, Hedyotis crassi- . 
folia and Senecio tomentosus (Figs. 23 and 24). It 











Fic. 23. Map of the distribution of Schoenolirion 
croceum, based on the specimens in the Gray Herbarium, 
the New York Botanical Garden, the U. 8. National 
Herbarium, the Herbarium of the National Arboretum, 
and the University of Georgia. Areas outside the Coastal 
Plain are stippled. 





Fie. 24. 
ligustrina, based on the specimens at the Arnold Arbo- 


Map of the distribution of Forestiera 


retum, the New York Botanical Garden, the U. 8S. 
National Herbarium, and the Herbarium of the National 
Arboretum. 


is not always possible to distinguish between a 
“Coastal Plain range” and the ranges of certain 
species (for example Forestiera ligustrina) which 
oecur not only on the flat-rocks and on the southeast- 
ern Coastal Plain, but inland in northeastern Alabama 
and in the limestone barrens of central Tennessee. 
(Fig. 24.) 

Finally, in the group of species which have their 
range centering in the region where the flat-rocks 
oceur, there should probably be included several 
which now oceur rather widely (and often under 
varying conditions ‘of habitat) throughout the Pied- 
mont and eastern Coastal Plain. These are very 
characteristic members of the flat-rock flora; they 
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inelude Agrostis elliottiana, Fimbristylis annua, Com- 
melina erecta, Agave virginica, Talinum teretifolium, 
Polygala curtissii and even perhaps such weedy 
plants as Rumex hastatulus, Hypericum gentianoides, 
Linaria canadensis, Valerianella radiata, Specularia 
perfoliata, S. biflora and Krigia virginica. All of 
these are quite at home on the granite outcrops and 
appear perfectly indigenous there, but are so wide- 
spread and weedy in eastern United States as to 
make their original ranges doubtful. They oceupy, 
nevertheless, definite niches in the equilibrium which 
seems to be characteristic of the flat-rocks, and in 
this habitat they seem to be neither more nor less 
aggressive than other plants which flourish there. 

According to Small (1933) the range of Rumex 
hastatulus is “Coastal Plain and adj. provinces, 
Fla. to Tex., Kans., Ill., and Mass.” The general 
range of Linaria canadensis is given by Pennell (1935) 
as “Nova Seotia to South Dakota, south to Florida 
and Texas.” Miss Dyal (1938) in her monograph on 
Valerianella, gives the range of V. radiata as ““Penn- 
sylvania to Kansas, southward to Florida and Texas.” 
Such general statements of range are commonly 
found in current manuals of the flora of the eastern 
United States and Canada and tend to make botanists 
visualize a stereotyped distribution for the plants in 
question. Examination of the actual areas occupied 
by these plants will serve to clarify this point. Fig- 
ure 25 shows the distribution of Rumex hastatulus; 
the range is essentially that which might result from 
a radial spread toward the Coastal Plain from an 
area in the southern Piedmont. In spite of being 
generally regarded as a common and adaptable weed 
in sandy areas in the Coastal Plain, this species has 
not spread inland to any great extent, and is absent 
from large areas where it might be expected from 
the generalized statement of its range as quoted 
above. 

The same yardstick may be applied to Linaria 
canadensis and Valerianella radiata; Pennell’s (1935) 








Fic, 25. Map of the distribution of Rumez hastatulus, 
based on the specimens at the New York Botanical Gar- 
den, the U. S. National Herbarium, and the Herbarium 
of Duke University. 
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map of the former shows it to be abundant through- 
out the eastern Piedmont and Coastal Plain and also 
in the upper Mississippi Valley, but wholly lacking 
in the large area from central Illinois to western 
Tennessee, east to the Blue Ridge from North Car- 
olina to Pennsylvania. Such a type of distribution 
not improbably could have been derived from an 
ancient source in the region now occupied by the 
flat-rocks. As for Valerianella radiata, it seems from 
an examination of the list of specimens cited by 
Miss. Dyal that essentially the same situation pre- 
vails there. 

We may speculate, therefore, that these “weedy” 
species and probably still others are essentially sim- 
ilar in their origins and natural distributions to the 
more conservative members of the flat-rock vegeta- 
tion. If these species, which now are somewhat more 
widely distributed than most of the “characteristic” 
plants of the granitic areas, have the same origin as 
the less aggressive species, why is it not logical to 
assume that there must be groups of still wider dis- 
persal in eastern North America, which, perhaps, are 
even dominant over large areas at the present time, 
but which were once much localized in the present 
Southeast? One group which comes to mind is the 
genus Quercus. In number of species this genus is 
most abundantly represented in the New World in 
the highlands of Mexico and Central America; here 
also are the supposedly “primitive” species of the 
so-ealled “black oaks,’ which are exclusively Ameri- 
ean in distribution (Trelease 1924). In the eastern 
United States perhaps 25 species of black oaks 
oceur, with the greatest concentration of species in 
the southeastern Piedmont and Coastal Plain and in 
the Ozark region. These species form an important 
component of the oak-hickory forest which is so 
widespread at the present time. In view of the 
advanced morphological characters of this group of 
species, and their geographical relations to the rest 
of the black oaks it seems possible, at least, that this 
element in our present-day forests has been derived 
from the same ancient reservoirs in the Ozarks and 
the southeastern Piedmont, these having in turn been 
filled from the larger reservoirs of the west-American 
highlands (Fig. 26). 

Turning to a discussion of the species occupying 
a second type of geographic range—that which has 
its center west of the area occupied by the flat-rocks 
—it may be said that many species which form a 


considerable element of the granite flora are here 
nearing the eastern limits of their ranges. They 


characteristically extend westward to Texas or even 
to the Pacifie Coast and northward in the Mississippi 
Valley as far as southern Illinois and Indiana. 
Ranges of this kind are often discontinuous, the 
species occurring sometimes in the Ozark region or 
in Texas, and also in the southeastern Piedmont, but 
not in the intervening region. The principal ex- 
amples of discontinuous distribution are Piluaria 
americana (Fig. 27), which occurs in Georgia, in 
Texas, and again in California, Scirpus carinatus, 
whieh is relatively abundant from Tennessee and 
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Fig. 26. Map of North America showing the areas occupied by species of black oaks, together with the approx- 
imate number of species occupying each of the several areas. In the eastern United States the concentration of 
species is somewhat the greatest in the Ozarks and in a Piedmont-Coastal Plain area, while the Blue Ridge is 
relatively poor in number of species. 

In the preparation of this map, data for eastern North America were taken chiefly from ‘‘The Distribution of 
Important Forest Trees of the United States’’ (Munns 1938), the areas of distribution having been somewhat gen- 
eralized. Data for the western United States, Mexico and Central America were supplied by Dr. Cornelius H. 
Muller. It should be emphasized that there is no intention to portray in detail on this map the range of any given 
species; ranges have been highly generalized, especially in the southwestern part of the continent, and inaccuracies 
of detail will be noted by students of local floras. 





Fig. 28. Map of the distribution of Portulaca cor- 
onata (records west of the Mississippi River are from 
specimens in the U. S. National Herbarium and the New 
York Botanical Garden). 





but oceurs in abundance on several outerops in een- 
Fig. 27. Map of the distribution of Pilularia ameri- tral Georgia (Fig. 29). 
cana, The records from California and Oregon are from In addition to the strikingly discontinuous ranges 
the U. S. National Herbarium. “) : is 
exhibited by the above, several species extend over a 
wide range from Georgia and Alabama to Kansas 
and Texas. Examples of this type are Isoetes 


‘ ; ; melanopoda (Fig. 30), Crotonopsis elliptica (Fig. 
Ozarks and the flat-rock region but not in the inter- 19) and Coreopsis grandiflora. 


vening territory (Anderson & Woodson 1935), 
Portulaca coronata, which is abundant on several of 


Alabama to Texas and reappears in California, 
Tradescantia hirsuticaulis, whieh oecurs in the 


Other species, which are wholly or almost restricted 
to the flat-rocks, have their nearest relatives on the 
the flat-rocks and also oceurs in the region from southeastern Coastal Plain or, even more commonly, 
eastern Texas to Arizona (Fig. 28), and Phacelia in the Mississippi Valley, in the Ozarks, or farther 
hirsuta, which is primarily a species of the Ozarks west. Perhaps the most striking example is Viguiera 
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Fig. 29. Map of the distribution of Phacelia dubia 
and Phacelia hirsuta. The stations for P. hirsuta are 
indicated by dots and the two areas of occurrence are 
encircled by heavy lines; dots not enclosed by lines 
indicate P. dubia var. dubia, and triangles indicate P. 
dubia var. georgiana. P. hirsuta and both varieties of 
P. dubia oceur at Stone Mountain, which is represented 
on the map by the triangle within the heavy line. Ree- 
ords for P. hirsuta and P. dubia var. dubia are from 
the U. S. National Herbarium. 
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Fic. 30. Map of the distribution of Isoetes melano- 
poda, in the broad sense in which the species is inter- 
preted in this paper. In the restricted sense in which 
the species in this group have previously been used, the 
region from Tennessee westward includes stations for 
both J. melanopoda and I. butleri, while I. virginica 
(typical) is known from Virginia only and I. virginica 
var. piedmontana is confined to the flat-rock region in 
Georgia and Alabama. Note the similarity between the 
range of I. melanopoda (in the broad sense) and that 
of Crotonopsis elliptica (Fig. 19). 


porteri, which is wholly restricted to these granite 
exposures and reaches its western limit in eastern 
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Alabama; its nearest relatives occur in western Texas 
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and the adjoining Rocky Mountain region (Fig. 31). 





Fig. 31. 
(dots). 
genus 
Mexico; none except V. porteri occurs in the region east 
of the heavy line passing from Texas to Wyoming. 


Map of the distribution of Viguiera porteri 
The rest of the North American species of this 
are native to the western United States and 


Similarly may be cited the cases of Isoetes melano- 
spora and I. lithophila (the latter known from ecen- 
tral Texas only), Portulaca smallii and P. pilosa 
(the latter oceurring abundantly south and southwest 
of the flat-roek area), Lotus helleri and L. americanus 
(the former the only wholly eastern representative 
of a west-American group), Oenothera linifolia var. 
glandulosa and var. typica (the latter oceurring from 
Alabama to Texas), and Forestiera ligustrina and F. 
pubescens (the latter chiefly from Arkansas to 
Texas). 

Certain species which find optimum conditions on 
the flat-rocks have close affinities with species which 
are wholly confined to the Coastal Plain. Examples 
of this-are such pairs of species as Polygala curtissii 
and P. chapmannii, or Crotonopsis elliptica and C. 
linearis. 

Furthermore, several additional species which are 
confined to the flat-rocks or at least reach by far 
their greatest abundance there, belong to genera of 
which they are almost the sole representatives in 
eastern North America—genera many of which at- 
tain their greatest development in the highlands of 
the western United States and Mexico. These species 
seem not to be represented by obvious coordinate 
species farther west, but certainly have strong ge- 
neric ties there: Here may be mentioned members of 
the genera Talinum, Sedum, Schoenolirion, Notho- 
seordum, Yuecea, Agave, Trifolium, and Hedyotis. 
This situation is not peculiar to the flat-rock region; 
elsewhere in the southeastern United States are 
found numerous more or less isolated species belong- 
ing to genera which are most abundantly represented 
in western North America. These inelude Stipa, 
Aristida, Muhlenbergia, Xerophyllum, Zigadenus, 
Nolina, Eriogonum, Krameria, Psoralea, Petaloste- 
mon, Astragalus, Croton, Stillingia, Jatropha (Cni- 
doseolus), Opuntia, Eryngium, Gilia, Penstemon, 
Hymenopappus, Brickellia, and Lygodesmia. Mem- 
bers of these genera are especially conspicuous in 
the. so-ealled “Fall Line sandhills” which extend from 
North Carolina to western Georgia in a narrow belt 
at the inner margin of the Coastal Plain. In these 
sandhills one may frequently find in a single small 
area not many yards in extent most or all of the 


following: Nolina georgiana Michx., Eriogonum 
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tomentosum Michx., Krameria spatulata Small, 
Petalostemon corymbosus Miehx., Croton argyranthe- 
mus Miehx., Stillingia sylvatica L. and Jatropha 
stimulosa Michx. 

If it be granted that the area in which the flat- 
rocks occur has long been oceupied by plants, it is 
but a step to the speculation that this same area may 
represent all or part of an ancient reservoir from 
which many have attained their present 
ranges by radial spread. Such migration need not 
have been equally rapid in all directions; in some 
eases it most certainly could not have been so. 
Talinum teretifolium, for example, must have spread 
most rapidly northeastward, along the Piedmont 
hills; Trifolium carolinianum, which seareely oceurs 
in nature north of South Carolina, must have spread 
southward and southwestward onto the Coastal Plain. 
It appears to be especially noteworthy, as pointed 
out above, that the ranges of most of the species 
terminate more or less abruptly at the edge of the 
Blue Ridge. If the reasoning to this point has been 
correct, the most probable and fundamental reason 
for the absence of these species from the highlands 
appears to be one of “competition.” If, at the time 
the flat-rock region was populated by the species 
which now persist there, a forest flora was already 
in existence in what is now the highland region, this 
forest flora must have constituted a considerable 
barrier against any further invasion of the highland. 
In an area of relatively steep topography and high 
rainfall the strueture of the vegetation must have 
hecn such as to exelude most of the species which 
now attain their greatest development on the flat- 
rocks. These same species may well have been able, 
however, to invade the Coastal Plain and the regions 
of similar geologie age from Alabama to Tennessee, 
where no ancient forest flora existed. 

If this argument be accepted, it follows that the 
flora of the Blue Ridge is essentially different in 
origin and age, from that of the Piedmont. This is 
also indicated by the evidence from the flat-rocks. 
A large proportion of the species which make up 
the vegetation of these areas either have the greater 
parts of their ranges south and west of the Pied- 
mont region or belong. to genera which are best 
developed in western North America. It is not un- 
likely, therefore, that an element of the flora of the 
Piedmont has been derived from the semi-arid regions 
of the southwestern United States and the highlands 
of Mexico. There is little or no morphological evi- 
dence (that is, evidence dealing with “recent” or 
“derivative” species as contrasted with presumably 
more ancient and primitive species) to support this 
view, but the parallel development in an isolated 
area, of a considerable number of unrelated species 
in different families, a large proportion of which are 
related to or identical with well-developed specific 
or generic groups in western America, seems to rule 
out the possibility of the purely chance occurrence 
of these isolated species in the East. Because of the 
more extensive development of most of the groups 
in the West and Southwest, the probable direction 


species 
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of evolutionary spread may be assumed to have been 
from this region. The extreme distinctness of many 
of the eastern Piedmont species, which may have 
evolved from some ancestral complex farther south 
and west, makes it seem probable that the invasion 
of the Piedmont by these species oceurred at. some 
very ancient period. It is noteworthy that the east- 
ern representatives of many of these genera, al-- 
though presumably once native to the Piedmont and 
dispersed from there, have entirely disappeared from 
the Piedmont proper and now oceur no farther in- 
land than the inner Coastal Plain; examples are 
found in the genera Nolina, Eriogonum, Krameria, 
Jatropha and others. Some of the species, although 
ordinarily found on sandhills, occasionally are found 
as far inland as the flat-rocks; Nolina georgiana 
occurs within a few hundred yards of the large 
granite outcrops at Sparta, and Jatropha stimulosa 
has been collected at the edge of the flat-rock in 
Heard County, Georgia, and on Pine Mountain. 

The basie flora of the Blue Ridge, on the other 
hand, is of quite different derivation from that of 
the Piedmont. It has been pointed out repeatedly 
that the highland flora contains many ancient types 
and has close affinities with the flora of eastern Asia; 
the commonly accepted explanation suggests the ex- 
istence of an old land connection between the two 
continents, perhaps essentially where Alaske 
lies. 


now 
The genera and even the families which make 
up this flora are quite different from those discussed 
above, and it is possible to draw a rather sharp line 
between the two groups or floras. While many of 
the peculiar species and genera of the highland flora 
(for example, Liriodendron tulipifera and Sassafras 
albidum) are now widely distributed in eastern North 
America outside the region of ancient metamorphie 
rocks, this spread must have taken place relatively 
recently; spread to the Coastal Plain must have be- 
gun since the deposition of the sediments of which 
the area is formed, and spread into the glaciated 
areas of the northern United States must have been 
very recent indeed. This highland flora, like that of 
the Piedmont, also contains conservative groups 
which have not spread widely and are still strict or 
narrow endemies; examples of this class are the 
genera Trautvetteria, Shortia, and Pyrularia. The 
relationships of these plants, however, are to Asiatic 
species rather than to those of southwestern North 
America. 

The aggressive species in the Highland flora, like 
those of the Piedmont, have spread widely from their 
original ranges. Many of the species of so-called 
“Appalachian” affinities now include in their ranges 
a part or all of the Piedmont and Coastal Plain. 
Piedmont species with equal vigor have not, for the 
most part, spread to the Highland with as much 
rapidity as to the Coastal Plain. The explanation 
for this is probably not to be sought in the contrast- 
ing conditions of soil and climate which prevail in 
the two areas (Highland and Piedmont); certain of 
the most characteristie Piedmont species like Croto- 
nopsis elliptica and Linaria canadensis are found 
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growing under a wide range of conditions of soil, of 
moisture, and of temperature but still do not appear 
to invade the Highland to any extent. It seems log- 
ical, on the contrary, to assume that the Piedmont 
flora became established at a time when the older 
Appalachian flora was already fixed and was pre- 
vented from spreading into the highlands by the 
existence there of a previously established plant 
population. 

Briefly, then, it seems that a considerable group 
of species became established at a very early period 
in what is now the Piedmont region of the south- 
eastern United States. The extreme antiquity of this 
period ean be guessed at by the number of unique 
species and genera which are now included among 
them. The affinities of this ancient flora are very 
definitely with those of southwestern United States 
and the Mexiean highlands. Almost surely the flora 
of what is now the Blue Ridge province was already 
fixed at the time of this invasion of the Piedmont, 
or at least the invasions of the two areas were con- 
temporaneous. Much of the present flora of the 
Piedmont and Coastal Plain has come about through 
a mingling of the flora derived from the highlands 
with that of southwestern origin. The flora of the 
highlands has been relatively little changed by ad- 
mixtures from other sources. 

It does not lie within the seope of this paper to 
engage in extensive speculation on the probable ages 
of these floras. It is generally held, however, that 
the species which now make up the forests of the 
highlands (or the immediate ancestors of these 
species), have oceupied their present position at least 
since Cretaceous time. At the close of the Cretaceous 
the present Appalachian region existed as a more or 
less level, poorly drained plain (the so-called Creta- 
ceous peneplain), and has reached its present position 
through a series of more or less gradual uplifts, 
chiefly in Tertiary time. The widespread ancient 
mesophytie forest of the Northern Hemisphere, of 
which there are so many specifie and generic relies 
in North America and Asia, is supposed to have 
reached its best development in the Cretaceous or 
early Tertiary. It may be assumed, therefore, that 
any invasion of the Piedmont by elements of a west- 
American flora oceurred in Tertiary time or later. 
One ean postulate the colonization of a slowly rising 
continental shelf in what is now the Piedmont, by 
species from two sources. As the lowlands of the 
old Cretaceous peneplain beeame gradually higher 
and better drained, species migrated into them both 
from the west and from the present uplands. Any 
such migration from the west and southwest must 
have been precluded before the Tertiary by the Cre- 
taceous seas which effectively separated eastern and 
western North America. 


CATALOGUE OF SPECIES 


The following list of species is not intended to be 
an exhaustive catalogue of all the plants which have 
been recorded from any or all of the flat-rocks. The 
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species selected are those which are universally pres- 
ent and those which seem to be of phytogeographie 
significance although not occurring on all the out- 
crops; certain species are included because of their 
abundance or importance on a single outerop, even 
though they may be entirely wanting elsewhere in 
this habitat. Certain species, whose recorded oceur- 
renees on flat-rocks appear to be sporadic have been 
omitted; examples are native species like the sweet 
gum, which appears in the border-line zone between 
woodlands or old fields and the margins of the gra- 
nitie exposures. Weedy species which are obviously 
of recent introduction or exotie origin have also been 
omitted; an example of this is Facelis retusa (Lam.) 
Sch. Bip., which oceurs on some of the outcrops. The 
taxonomie positions of the plants involved, where 
these seem germane to their ecological standings, have 
been discussed in some cases. It was found impos- 
sible to obtain otherwise a clear picture of the dis- 
tribution of certain genera and species. 

In the preparation of this paper aid in generous 
measure has been contributed by many persons, 
among whom must be mentioned Dr. Wilbur H. Dun- 
ean of the University of Georgia; Mr. Don E. Eyles 
of the U. 8S. Publie Health Service; Dr. H. J. Oost- 
ing of Duke University, who read the paper in 
manuscript and who has very kindly supplied much 
information relative to the granite exposures in 
North Carolina; Dr. Geoffrey W. Crieckmay, who has 
been most generous with suggestions of a general 
geological nature; and in particular, Mr. Joseph H. 
Pyron, for his aid and companionship on many trips 
to the flat-rocks. 


CLADONIACEAE* 


Cladonia rangiferina (L.) Web. A cireumboreal 
species which is not uncommon on flat-rocks, although 
by no means as common as C. sylvatica. These two 
species are often found together with their thalli 
intertangled, the plants forming extensive mats 5 to 
10 em. deep and sometimes several meters across; 
C. rangiferina is easily distinguished by its silvery- 
gray color, while the thalli of C. sylvatica are green- 
ish or straw-colored. As has been pointed out by 
Oosting & Anderson (1937, 1939) these lichens are 
the earliest invaders of mats formed by pioneer 
species of mosses, and on the granite exposures the 
lichen mats are usually extensive; they are without 
any attachment to the substratum except, in older 
mats, the stems of grasses and other vascular plants 
with which they are tangled. Mats composed chiefly 
of Cladonia sylvatica and partially of C. rangiferina 
are found on bare-rock surfaces surrounded by 
mosses; they occur also in shallow level depressions 
on sandy mineral soil, where they are under water 
for short periods in winter and spring, and they are 
found among grasses and annual herbaceous plants 
on the soil-filled depressions which have attained 
some little vegetation. 

*The Cladonias discussed and cited in this paper have been 
determined through the kindness of Dr. Alexander W. Evans 


of Yale University. Other lichens cited below have been identi- 
fied by Dr. Edward C. Berry of the Missouri Botanical Garden. 








April, 1943 


Cladonia sylvatica (L.) Hoffm. This species, al- 
though replaced on some of the flat-rocks by C. 
caroliniana, is doubtless the most abundant Cladonia, 
especially in depressions where its thalli can remain 
relatively undisturbed by wind. The greenish-gray 
mats often form pure cultures, exeluding all other 
species of macroscopic plants and accordingly leav- 
ing wholly bare areas on the substratum when re- 
moved. These mats are sometimes invaded by C. 
rangiferina or C. tenuis, the latter distinguished in 
the field by its very slender branches, or by C. 
leporina, which has thick yellowish-green scurfy 
branches. 

Cladonia leporina E. Fries. A very characteristic 
plant of the flat-rocks, oeeurring about the margins 
of most of the soil-filled depressions and also on the 
flat shallow depressions which become pools in rainy 
seasons. Its North American range, according to 
Fink (1935) is from New Jersey to Florida, west- 
ward to Texas and Arkansas. It is easily recognized 
in the field by its stout swollen branches which appear 
wrinkled or seurfy; its thalli form mats which, al- 
though ordinarily smaller in areal extent than those 
formed by C. sylvatica, are equally thick. 

Cladonia caroliniana Tuckerm. The range of this 
plant is from Vermont to Georgia, Alabama, and 
Tennessee (Fink 1935). In the original deseription 
Tuckerman (1858) says: “This lichen is extraordi- 
narily marked and is unknown to the European flora.” 
The type came from Salem, North Carolina, perhaps 
from a granite outcrop. The species is an important 
constituent of the lichen flora of flat-rocks, oceurring 
in mats with other Cladonias or by itself on the rocks 
or in shallow pools or depressions. Like those of 
the other species mentioned above, the thalli of C. 
caroliniana have a rubbery consistency when wet and 
form mats which, in this species, give the impression 
of a springy cushion to one who walks over the rocks. 
In contrast to C. rangiferina, C. sylvatica, and C. 
leporina, which appear to flourish best where there 
is some accompanying vegetation, C. caroliniana with 
its shorter crisper thalli appears perfectly at home 
on bare sandy areas where Diamorpha cymosa is al- 
most its only associate. C. caroliniana oceurs not 
only on the granites, but on Altamaha Grit (Mc- 
Vaugh 4642),> and on the Fall Line Sandhills. A 
related species, C. uncialis (L.) Hoffm., oceurs at 
Franklin and doubtless elsewhere. 

Cladonia strepsilis (Ach.) Vainio. A very com- 
mon species on flat-rocks, spreading extensively espe- 
cially on nearly level sandy surfaces where moisture 
conditions are so extreme as to exclude almost all 
other plants. On certain outcrops, including one 
near Covington, Georgia, it is the most abundant 
lichen. It is relatively little involved in successional 
relations, as its usual habitat is too extreme for 
ordinary plants and its short dense thalli form small 


5 The herbarium specimens cited in this paper, unless other- 
wise specified, are deposited in the Herbarium of the University 
of Georgia, at Athens, or in the Herbarium of the U. S. National 
Arboretum, at Washington. A nearly complete set of the joint 
collection of Pyron & McVaugh is at Athens, and a series of 
specimens from McVargh 4575 to MeVaugh 5419, inclusive, is 
at Washington. 
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tufts or mats which catch and hold but little soil and 
so contribute little to the formation of vegetation. 
Cladonia tenuis (Fluerke) Harm. A delicate species 
which oceurs sparingly with C.. sylvatica and C. 
rangiferina. Specimens are at hand from Heggie’s 
Rock, Eatonton, Sparta, Franklin and Blake’s Ferry. 


° 
MISCELLANEOUS FAMILIES OF LICHENS 

Parmelia conspersa (Ehrh.) Ach. The most abun- 
dant lichen on the rock surfaces proper, growing on 
all the outerops. Its thalli often form extensive 
gray-green patches on the rocks, to which they are 
closely appressed and tightly attached. Little or no 
soil forms in the patches of Parmelia, so that the 
process of succession there is undoubtedly greatly 
prolonged. 

Dermatocarpon spp. Several species of this genus 
occur on shallow soil in depressions and about the 
margins of the outcrops, particularly where the 
ground is wet periodically by trickles of surface 
water. None of the species is particularly abundant. 
D. aquaticum (Weis.) Zahlbr. is known from Echols’ 
Mill and Eatonton; D. arboreum (Schwein.) Fink, 
from The Rocks, in Rockdale County, Georgia; D. 
hepaticum (Ach.) A. L. Smith, from Greensboro; 
and D. miniatum (L.) Mann., from Loganville. 

Verrucaria spp. One or more unidentified species, 
apparently of this genus, oceur on all the flat-rocks, 
their thalli appearing as small black specks on the 
granitic surfaces. 

Peccania kansana (Tuckerm.) Forss. This species 
oceurs locally in extensive mats, particularly along 
the sides of the small troughlike depressions on some 
of the steeper slopes, where these channels are the 
avenues by which surface water regularly drains 
down from the higher parts of the outerops. Heg- 
gie’s Rock, McVaugh 4660; Greensboro, McVaugh 
4675; Eatonton, McVaugh 4682. 


RICCIACEAE® 

Riccia dictyospora Howe. This was first made 
known to science from plants collected at Athens, 
Georgia, by Dr. R. M. Harper. It is abundant on 
the flat-rocks, on shallow granitic sand about the 
margins of depressions, associated with Cladonias 
and other Riecias and less often with Diamorpha 
cymosa and other vascular plants. It forms small 
bluish-green rosettes which cover the soil in large 
numbers and are conspicuous when moist but which 
shrivel to almost nothing in dry periods. The species 
is known from Heggie’s Rock, Echols’ Mill, Athens, 
Pendergrass, Loganville, and Concord; it is reported 
by Howe (1923) from Connecticut and Texas, but it 
seems not to be well known except in our area. 
Other species of the same genus occur on the flat- 
roeks in the same habitat, often associated with R. 
dictyospora; these include R. arvensis Austin and R. 
donnellii Austin, the latter oceurring at Echols’ Mill, 
at what is apparently its northern limit (Blomquist 
1939). 

* Dr. H. L. Blomquist, of Duke University, has repeatedly 


manifested his interest in the liverworts of the flat-rocks and 
has named numerous specimens from the area. 
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SPHAGN ACEAE 


Several species of Sphagnum are more or less con- 
stantly associated with the later stages of succession 
in moist depressions, and oceur likewise in the min- 
iature bogs about the margins of some of the out- 
crops. All the species involved appear to oceupy 
essentially the same place in the ecological setup; 
that is, all appear on the flat-rocks after other 
moisture-holding plants, particularly Polytrichums, 
have become established in wet depressions. The 
species include Sphagnum imbricatum Kornsch., 8S. 
Beauv., and S. Nees. Also 
oeeurring are S. palustre L. and S. imbricatum var. 
affine (Ren. & Card.) Warnst.; the latter was re- 
ported by Huntley (1939). Sphagnum cyclophyllum 
Sull. & Lesq., a species which is otherwise almost 
wholly confined to the Coastal Plain, has been col- 
leeted at The Rocks, in Rockdale County, Georgia, 
by Dr. Blomquist. 


recurvum subsecundum 


DITRICHACEAE* 


Several species of “pygmy mosses” of this family 
have been collected on the flat-rocks, where they 
oceur in moist shallow soil which supports little other 
vegetation. They may be of more general occurrence 
than is now known, Sut their small size makes 
them difficult of detection. The species involved are 
chiefly Pleuridium acuminatum Lindb., P. subulatum 


(Hedw.) Lindb., and Bruchia fleruosa (Sw.) C. 
Miill. 
POTTIACEAE 
Weisia viridula Hedw. A common moss on the 


flat-rocks and in the adjacent territory, occurring on 
shallow sandy soil. 


DICRAN ACEAE 


Dicranum scoparium Hedw. This is a common and 
widespread moss, oceurring about the flat-rocks in 
partial shade, particularly in the moist marginal 
zones of certain exposures. 

Campylopus introflecus (Hedw.) Brid. A species 
which is not uneommon on the flat-rocks, usually 
oceurring in tufts in the mats formed by Polytrichum. 
C. fleruosus Brid. was reported by Huntley (1939) 
from Forty-Aere Rock. 


GRIM MIACEAE 


Grimmia laevigata (Brid.) Brid. This species has 
been fully diseussed above; it is the most active pio- 
neer species on bare rocks. It is generally distrib- 
uted throughout the flat-roeck region. 

Grimmia olneyi Sull. Although not reported by 
Huntley (1939) or by Oosting and Anderson (1939) 
from the Carolinas, this species is frequent in Geor- 
gia on the granitic exposures, where it acts-in ex- 
actly the same way as G. laevigata; it is apparently 
able to establish itself on bare smooth rock surfaces, 


7 Dr. Lewis E. Anderson, of Duke University, has identified 
all the mosses, except Sphagnums, mentioned in this paper; his 
assistance has been invaluable in this respect and he has, in 


addition, offered suggestions in regard to the part of this cat- 
alogue dealing with the mosses. 
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where it forms mats. The following collections have 
been seen: Gainesville, Georgia, Pyron €& McVaugh 
2022; Loganville, ibid. 2033; Coneord, ibid. 2039; 
Park’s Mill, Barrow County, Georgia, R. Beall 66. 
Grimmia pilifera Beauv. Although apparently less 
frequent than the two preceding species, this one 
occurs with them, in the same habitat. It is reported 
by Huntley (1939) and it has been collected at 
Pendergrass (Pyron & MeVaugh 2362). 

Hedwigia ciliata Hedw. This species oceurs abun- 
dantly on most of the granitie exposures, at least in 
Georgia, where it may be found on the smoothest 
and sunniest slopes. It seemingly ean become estab- 
lished on unmodified bare-rock surfaces, and it prob- 
ably should be regarded as one of the principal 
pioneers. 

BRYACEAE 

Bryum argenteum Hedw. On the flat-rocks, as 
well as in many other spots in the Southeast, this 
attractive silvery little moss often forms small com- 
pact mats on shallow soil which is otherwise nearly 
or quite bare. 

Bryum bimum Brid. In North Carolina, aceord- 
ing to Oosting and Anderson (1939) this species 
occurs in the marginal ring of mosses which often 
surrounds moist or wet depressions; associated spe- 
cies are Philonotis fontana, Climacium americanum, 
and Aulacomnium palustre. 


BARTRA MIACEAE 


Philonotis fontana (Hedw.) Brid. Common on 
the flat-rocks, where it oceurs about the margins of 
pools; another common type of habitat is that along 
the trickles of seepage water which occur frequently 
on all the steeper slopes. It is frequently found in 
mats or colonies of considerable size. A_ related 
species, P. marchica (Willd.) Brid., oceurs in sim- 
ilar situations at Camak, Georgia, and was reported 
by Huntley (1939) from South Carolina. 


POLYTRICHACEAE 


Polytrichum ohioense Ren. & Card. This is an 
important member of the series of invaders of the 
Grimmia mats on the flat-rocks. From North Car- 
olina to Alabama it is abundant on most of the ex- 
posures; its place in the successional series is fully 
diseussed above. This and the other Polytrichums 
occur in such extensive mats that many depressions 
in the rock surface are filled by plants of these 
mosses to the exclusion of most other vegetation and 
the moss-filled depressions impart a characteristic 
aspect to the landseape as a whole. 


Polytrichum commune Hedw. In Georgia this 
species oecurs on many of the flat-rocks with the 
preceding one, and on some of them it appears to 
supersede P. ohioense as the chief invader of the 
Grimmia-Cladonia mats. At Echols’ Mill, at Eaton- 
ton and at Greensboro, P. commune occurs in exten- 
sive mats. A third species, Polytrichum juniperinum 
Hedw., oecurs at Pendergrass with P. ohioense. 
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AULACOMNIACEAE 

Aulacomnium palustre (Web. & Mohr) Schwaegr. 
A species which is relatively frequent, occurring in 
moist spots with Polytrichum and other mosses, often 
in large clumps. 

LESKEACEAE 

Thelia Sull. A common moss in partial 
shade on dry surfaces about margins of most or all 
of the flat-rocks. 


lescurii 


MISCELLANEOUS FAMILIES OF MOSSES 


Several additional mosses oceur regularly in woods 
and thickets or in moist areas adjacent to the flat- 
rocks themselves; these species occasionally are found 
with the more usual members of the flat-rock flora 
but are searcely to be thought of as typical members 
of the association. They inelude Climacium ameri- 
canum Brid., Leucobryum glaucum (Hedw.) Schimp., 
Thuidium delicatulum (Hedw.) Mitt., Cirriphyllum 
boscii (Schwaegr.) Grout, Entodon seductrix (Hedw.) 
C. Miill., and Rhodobryum (Bry. Eur.) 
Limpr. 


roseum 


POLY PODIACEAE 


Cheilanthes Link. This is one of sev- 
eral species which are searcely typical members of 
the granite flora, but which occur on Stone Moun- 
tain in and among broken rocks. All or 
nearly all are plants of rocks and cliffs, in somewhat 
acid soil, and it is probable that at Stone Mountain 
they are influenced primarily by conditions of topog- 
raphy; here slopes are steeper and ledges and crev- 
ices more frequent than on any other of the flat-rocks. 
Here too fire and grazing animals, both wild and 
domesticated, have doubtless been less destructive to 
plant life than on some of the flatter exposures. 

Cheilanthes (Michx.) D. C. Eat. This 
Cheilanthes is found almost throughout the Central 
Upland of Georgia, wherever rock outcrops oceur. It 
is usually a crevice plant, and so is found about the 
flat-rocks wherever slopes or weathering have con- 
tributed to the formation of irregularities in the 
granite surface. Like C. tomentosa, C. lanosa is 
approaching here the eastern edge of its range. Both 
are members of a genus having most of its species 
in the arid regions farther west and south in North 
America. 

Pellaea atropurpurea (L.) Link. Although usually 
found on limestone, this cliff-brake is occasionally 
found in ecireumneutral soils on other rocks. Stone 
Mountain, Pyron & McVaugh 2083. 

Asplenium pinnatifidum Nutt. 


tomentosa 


erevices 


lanosa 


This, one of the 


so-called “Appalachian spleenworts,” has been col- 
lected several times on Stone Mountain. 
Asplenium montanum Willd. This is another 


spleenwort, common on rocks at the higher elevations 
in the Appalachians, and occurring on Stone Moun- 
tain, where rare (collected in 1938 by Don E. Eyles). 

Asplenium trichomanes L. Apparently reaching 
its southern limit in Georgia on overhanging ledges 
at the Eatonton outcrop, Pyron & MecVaugh. 2069. 
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Like Asplenium bradleyi, A. montanum, A. pinna- 
tifidum, Pellaea atropurpurea and Dryopteris mar- 
ginalis, it is not to be regarded as a member of the 
true flora of the flat-rocks; all these species oecur 
at but one or two localities and even there never in 
the well-marked flat-rock associations. 

Asplenium platyneuron (L.) Oakes. A common 
species in shaded places in thickets and crevices. It 
is again not truly a member of the flat-rock asso-— 
ciation, but it oceurs frequently about the borders of 
all the outerops, as it does in similar situations 
throughout most of the southeastern states. 

Asplenium bradleyi D. C. Eat. This is another 
of the rock spleenworts which is found on the steep 
ledges at Stone Mountain but not, so far as known, 
elsewhere on the flat-rocks. 

Dryopteris marginalis (L.) A. Gray. This ever- 
green species is abundant on Stone Mountain, thence 
ranging northward at the higher elevations. 

Woodsia obtusa (Spreng.) Torr. This species is 
found on almost all the outerops, often closely asso- 
ciated with Cheilanthes lanosa; the two species are 
found in essentially the same habitat, but the Woodsia 
seems to be somewhat more tolerant of shade. 


SELAGINELLACEAE 

Selaginella rupestris (L.)-Spring. In east-central 
North Carolina this species is considered to be a 
regular member of the Cladonia-Grimmia mat (Oost- 
ing & Anderson 1939). In Georgia and Alabama, 
however, it is present on but few outcrops in the 
granite areas, and in South Carolina Huntley (1939) 
does not report it from Forty-Acre Rock. In the 
southeastern states it is abundant at the higher eleva- 
tions, and in Georgia its range suggests that it is 
essentially a mountain species that has spread to 
relatively few of the flat-rocks. It oceurs in abun- 
dance at the Pendergrass outerop, where it forms 
extensive mats on the nearly flat surfaces. It has 
been collected at a small outcrop west of Villa Riea, 
Carroll County, Georgia (Pyron & MeVaugh 1730), 
and it is known to oceur on bluffs above the Chatta- 
hoochee River below Atlanta. So far as known, 
however, it is not found on any of the outcrops near 
the Fall Line in Georgia, and it is certainly not a 
regular member of the flat-rock association. 

Selaginella tortipila A. Br. Until recently the 
southernmost known stations for this plant were in 
northern Georgia and South Carolina, in the moun- 
tains. It is very abundant, however, at Heggie’s 
Rock, where it forms solid mats as much as 2 or 3 
meters in diameter. Such mats may oceupy entire 
depressions to the exclusion of all other vegetation, 
so that considerable areas of the rock are covered by 
the species. The mats are so tightly compacted that 
they may easily be lifted in one piece, leaving the 
rock surface bare. On some of the steeper slopes 
at this outerop the mats of -Selaginella are often 
washed up and partially or wholly overturned by 
surface water.- Selaginella tortipila is found also 
about the “Cedar Rock” quarry east of Camak, 
Warren County. 
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ISOETACEAE 


Isoetes melanospora Engelm. This is a small and 
delicate species, seemingly confined to the pools near 
the summits of Stone Mountain (where discovered 
by Wm. M. Canby in May, 1869), Pine Mountain, 
Panola Mountain, and Mt. Arabia. It is abundant 
on these summits, often forming what appears to be 
a close-cropped turf beneath the surface of the water. 
In striking contrast to the following species, it never 
oceurs in turf, nor is it found in open muddy areas, 
but it is quite rigidly restricted to the deeper, rock- 
rimmed pools which it shares with Amphianthus 
pusillus and which furnish a truly aquatie habitat 
at least for a few weeks in the spring. It is almost 
unique in the genus in having a complete velum and 
black megaspores, characters which it shares with 
I. lithophila Pfeiffer, of the granite region of central 
Texas. With the possible exception of J. lithophila, 
it appears to have no elose relatives, and is to be 
thought of as a relict endemie in our area. 

Isoetes melanopoda Gay & Dur. This interesting 
plant is found commonly in muddy spots and in turf 
about the margins of depressions in the granitie sur- 
face, and oceasionally spreads to form a turf in the 
deeper pools. Individual plants sometimes become 
quite large; the corm, surrounded by the enlarged 
leaf-bases, may be as much as 5 em. in diameter. 
The variation in form shown by this species is very 
considerable; in deep pools which are more or less 
permanent (in quarry holes, for example) the leaves 
may be much elongated (up to 30 em.), coarse and 
flaccid; in shallow pools which persist but for a few 


weeks or months each year the plants are often 
slender and delicate, usually with small sporangia 


and leaves. In slightly drier situations, which are 
rather well drained, with a rock-covering of 2 to 10 
em. of soil, the species flourishes. Here the corms 
attain their largest size; it is often possible to find 
old plants with 50 or more of the dark brown or 
black leaf-bases. persisting in the earth, surrounding 
the leaves of the current season. 

The form of this species found on the granite out- 
crops was originally deseribed as J. virginica var. 
piedmontana Pfeiffer. The original specimens of I. 
virginica Pfeiffer, from Augusta County, Virginia, 
were thought by the author of the species to be most 
closely related to J. butleri Engelm., differing from 
that species by having slightly smaller megaspores 
(440-470 microns, as contrasted to 480-650 [rarely 
360] microns for J. butleri). The megaspores were 
found to be somewhat more boldly marked than in J. 
butleri and the leaves were found to be fewer in 
number, “sometimes longer” and with finer septa 
than in that species (Pfeiffer 1922, 1937). The var. 
piedmontana later (Pfeiffer 1939) described 
from Georgia material and distinguished from the 
species by having “shorter leaf length, larger leaf 
number, coarser septa in the leaves, and a tendeney 
toward more open and lower markings on the mega- 
spores.” It would seem, then, that J. virginica var. 
piedmontana corresponds exactly with J. butleri, ex- 


was 
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cept for the size of the megaspores, which in the 
former, according to Pfeiffer, vary from 400-480 
microns. The differences between typical J. virginica 
and var. piedmontana are somewhat inconstant; a 
specimen (Pyron 857) from Macon County, Georgia 
—in the Coastal Plain just south of the flat-rock 
area—approaches the typical variety in most re- 
spects, but has some characters of var. piedmontana 
(Dr. Norma E. Pfeiffer, in a letter, Mareh 2, 1943), 





Fig. 32. 
one-third 
Georgia, March, 1939. 


Habitat view of Isoetes melanopoda (about 
natural size) at Franklin, Heard County, 


In 1928 Dr. E. T. Wherry collected, on a granite 
outerop near Grayson, Gwinnett County, Georgia, a 
quillwort which was subsequently examined critically 
by the late T. Chalkley Palmer, himself an expert in 
this group. A note on the specimen (U. S. National 
Herbarium 1368058) in Palmer’s hand reads as 
follows: “Leaf characters & spores all rigorously 
those of I. melanopoda.” This raises the question 
of the specific identity of 7. melanopoda, and that of 
its distinctness from J. butleri. The ranges of the 
two are more or less coincidental, with some outlying 
stations for each. Several stations have yielded both 
species, “J. butleri” having been found in May and 
only “melanopoda” in June and July. Moreover, 
there are numerous puzzling intermediates that are 
difficult to place accurately in either species; this 
was fully diseussed by Pfeiffer (1922 The differ- 
ences between the two so-called species are chiefly 
in the leaves, and are very possibly related to condi- 
tions of the habitat. In Georgia the common quill- 
wort on the granitic rocks exhibits every variation 
in size of leaves and sporangia, size and markings 
of megaspores, and in general aspect and coloring, 
depending upon the conditions prevailing at the time. 
On the same outcrop may be found plants simulating 
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the slender J. butleri, or the stouter, leafier J. melan- 
opoda, It seems impossible to establish any correla- 
tion between size of plants and size of sporangia, or 
between size of plants and size or markings of 
megaspores. The last character depends so much 
upon the stage of maturity that it is unsafe to gen- 
eralize without making additional studies upon many 
plants known to be at equivalent developmental 
stages. 

It would seem, therefore, that 7. melanopoda, I. 
butlert and I. virginica are insufficiently distinet to 
justify their maintenance as separate species. If 
they are to be regarded as constituting but a single 
species their geographical range is not an unnatural 
one but is quite easily predictable. The correct name 
for the inelusive species then becomes Jsoetes melan- 
opoda Gay & Dur. (1864) (antedating J. butleri 
Engelm. (1878) ). 


MARSILEACEAE 


Pilularia A. Br. The pillwort is an 
exceedingly inconspicuous plant, growing in turf-like 
mats under water or in muddy places about the 
margins of pools. The leaves may attain a length 
of 4 or 5 em.; the plants in mass have the aspect 
of Eleocharis acicularis or a small mat-forming 
grass. In the granite region of Georgia Pilularia 
americana is known from but two stations: it was 
found near Winder “in shallow water in a depression 
of rock,” by the collectors of the Biltmore Herbarium, 
in 1901 (Small 1935), and is known to oeeur in a 
similar habitat near Loganville (MeVaugh 1936). 
The Winder locality has not been relocated in spite 
of repeated search for Pilularia on likely-looking 
outerops in the vicinity. 

Pilularia americana also oeceurs in Georgia just 
south of one of the regions of granitic rock, near 
Davisboro, Washington County, within the boundary 
of the Coastal Plain. Here it grows in abundance 
about the margins of a semi-permanent muddy pond 
in a pasture, where it is submersed in wet seasons 
and probably desiceated during at least a part of the 
summer. 

The genus Pilularia is ordinarily understood to 
comprise about six species, of which one only is 
native to North America. This species is well known 
from central Oregon to southern California, where 
it is found in rain-pools; it was originally discovered 
by Nuttall in Arkansas, supposedly in the vicinity 
of Fort Smith on the Arkansas River; it has recently 
been reported from the granite region of central 
Texas (LaMotte 1940) and it is otherwise known 
only from Georgia. It is possible that additional 
stations for it will be found in the intervening terri- 
tory, but, as noted in the present paper, there is 
ample evidence that this disjunct range is not a 
unique one. 


americana 


PIN ACEAE 


Pinus taeda L. Loblolly pine is the only pine that 
persists to any extent on the granite outerops. It 
is usually abundant in the surrounding country (ex- 
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cept where all the land has been cleared), and usually 
manages to establish itself in erevices and hollows 
on the granitie surfaces themselves. The trees are 
invariably seattered, due to the peculiar nature of 
the substratum, but where the surfaces slope suffi- 
ciently to favor the formation of cracks and ledges 
the plants usually become permanently established 
and attain a considerable size. In small shallow de- 
pressions on the rock surface the trees usually die 
before attaining much size, presumably due to the 
extreme seasonal drying of the outerops. 

Other pines, notably Pinus echinata Mill., may 
oceur on the flat-rocks. Oosting & Anderson (1939) 
note the occurrence of this species as well as that 
of P. virginiana L., in North Carolina. The longleaf 
pine (P. palustris Mill.) apparently does not occur 
on any of the actual outerops, but it is common in 
Heard County, Georgia, in the vicinity of the flat- 
rocks, and is found sparingly about the granite ex- 
posures southeast of Sparta. 

Juniperus virginiana L. This species is so abun- 
dant about the flat-roecks as to have given the name 
of “cedar rocks” to some of them. It grows in erev- 
ices and on slopes, and also persists in hollows and 
about the edges of the outerops in shallow soil. It 
is one of the most characteristic woody species, from 
North Carolina to Alabama. 


GRAMINEAE 


Grasses are common about the margins of the 
granite outcrops, where they oceur in woods and 
thickets and in cultivated ground. The common 
genera are Panieum, Andropogon, Paspalum, Ari- 
stida, Sphenopholis, Erianthus, Agrostis, Sorghas- 
trum, and Danthonia, in approximate order of 
abundance. On the rocks themselves. grasses form 
a relatively small part of the vegetation, oceurring 
chiefly in mats and: depressions where enough soil 
has accumulated to support herbaceous and even 
woody plants in addition to mosses. In such situa- 
tions Panicum and Andropogon are the dominant 
grass genera, the former occurring usually in seat- 
tered colonies among other plants and the latter 
forming extensive colonies, which may partially ex- 
clude other herbaceous species. The principal species 
of grasses with which we are concerned are diseussed 
below : 


1. Panieum 


P. aciculare Desv. This species ranges from New 
Jersey to Texas, chiefly on the Coastal Plain. It is 
abundant on the granites at Echols’ Mill, at Sparta, 
and in Heard County. 


P. lazxiflorum Lam. (P. xalapense H. B. K.) 
Abundant on many of the outerops from North Car- 
olina to Alabama, often semi-weedy, in shallow min- 
eral soil intermixed with some elay. This is the plant 
referred by Hitcheoeck (1935) to P. xalapense; it 
seems, however, that the arguments adduced by 
Fernald (1934) are eonvineing enough to justify 
combining the two species. 
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P. microcarpon Muhl. A species which is widely 
distributed in the eastern and southeastern United 
States, but is probably not a constant member of 
the flat-rock flora. It was reported by Huntley 
(1939) from Forty-Aere Rock and it is also known 
from Heggie’s Roek. 

P. dichotomum UL. (ineluding P. barbulatum 
Michx.). The more conservative course, although 
not that followed by our leading agrostologists, ap- 
pears to be to regard these two plants as conspecific. 
Both “species” were reported by Huntley from Forty- 
Acre Rock. Both oceur widely throughout the east- 
ern United States and it is probable that additional 
localities in which they oceur will be found in the 
granitic areas. 

P. lanuginosum Ell. This species includes P. 
Nash, P. tennesseense Ashe, and P. 
huachucae Ashe. It is a very complex group tax- 
onomiecally and has been treated by Hiteheock (1935) 
and by Fernald (1934), the two treatments differing 
radically. Whether the assemblage be treated as one 
species or a half-dozen, it is clear that its several 
members have a common origin and may be eonsid- 
ered a unit for the purposes of the present paper. 
Plants belonging to the inelusive species P. lanugi- 
nosum are abundant on the granite exposures in many 
places, from North Carolina to Alabama, usually 
being found in greater abundance than any other 
2anicum. They are ordinarily confined to thickets 
and margins of reasonably mature mats of vegeta- 
tion, where they occur in patches taller 
grasses, sedges, and woody plants. 


lindh eimeri 


among 


P. meridionale Ashe. This species reaches its 
southern limit in our region. Collections from 


Greensboro and from Panola Mountain are at hand. 
Fernald, in the article already referred to, argues 
that -P. meridionale is inseparable from P. colum- 
var. thinium (Hitehe. & Chase) Hiteche. & 
Chase, which is abundant on the granites in Wake 
and Franklin counties, North Carolina. According 
to Oosting & Anderson (1939) “it [var. thinium] has 
been found nowhere in North Carolina except on 
these outerops.” P. columbianum var. thinium was 
reported from South Carolina by Huntley (1939) 
but Mr. Jason R. Swallen has examined her specimen 
(Huntley 320) and has determined it a P. meridio- 
nale. P. oricola Hitehe. & Chase was reported from 
North Carolina by Oosting & Anderson (1939) as a 
species “typical of mats originating in depressions” ; 
Dr. Oosting kindly loaned their series of specimens 
for study by Mr. Swallen, who considers all of them 
to represent P. columbianum var. thinium rather 
than P. oricola. 


bianum 


P. villosissimum Nash (P. pseudopubescens Nash). 
A single collection, McVaugh 5401, is known from 
Panola Mountain; it was identified by Mr. Swallen 
as P. pseudopubescens. 

P. sphaerocarpon Ell. A not uncommon plant on 
the granite exposures. Specimens from Panola 
Mountain, Stone Mountain, and Echols’ Mill are at 
hand. 
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P. albomarginatum Nash. This species and the 
plants closely related to it (group Ensifolia of Hiteh- 
cock 1935) are almost wholly confined to the Atlantic 
Coastal Plain. A single collection, Pyron & Me- 
Vaugh 2838, is known from the flat-rock southwest 
of Franklin. 

P. scopariunm Lam. A conspicuous plant because 
of its tall velvety culms; it is rather widely distrib- 
uted in the eastern United States and occurs in 
seattered clumps in moist depressions of the granites. 

P. ashei Pearson and P. boscii Poir. were reported 
by Huntley from South Carolina (1939). These 
species (if P. ashei be distinct from P. commutatum) 
are usually found in woods and copses, in relatively 
moist ground, and are probably not actually mem- 
bers of the flat-rock association. 

P. dichotomiflorum Michx. Several members of 
the subgenus Eupanicum occur on the flat-rocks and 
all seem to flourish in a habitat slightly different 
from that in which the members of subgenus Dichan- 
thelium are most abundant. P. dichotomiflorum, P. 
philadelphicum, P. lithophilum and P. hians may be 
expected in shallow soil in flat sandy pools where 
some surface water is standing but where little vege- 
tation has become established. None of the species 
seems to spread extensively, and apparently none has 
great effect upon soil-building or succession. 

P. philadelphicum Bernh. This is an annual spe- 
cies, rather common in eastern United States and 
known in our area from Heggie’s Rock and from 
the granites in North Carolina. 

P. lithophilum Swallen. This recently deseribed 
species is known only from Stone Mountain and 
from the Eatonton outcrop. It is a segregate from 
P. philadelphicum, from which it differs by having 
stiffer panicles, slightly larger spikelets, and shorter, 
narrower, erect purplish leaf-blades. If judged by 
the same standards used above for the species of 
subgenus Dichanthelium, this species is searecely 
specifically distinet from P. philadelphicum, but it is 
perhaps significant that its usual habitat is not in 
the more mature association-types, but in the moist 
sandy depressions. It is in these depressions that 
most of the endemic species, including Amphianthus 
pusillus, Diamorpha cymosa, Portulaca smallii, Jun- 
cus georgianus, Cyperus granitophilus and Isoetes 
melanospora abound. 

P. hians Ell. This is known from the granites 
southeast of Sparta, McVaugh 5356. It is mostly 
confined to the Coastal Plain, ranging from North 
Carolina to Texas and New Mexico. 


2. Paspalum 


Species of Paspalum oceur frequently in thickets 
and fields in the vicinity of the granite outcrops. 
They seem to play relatively little part on the out- 
crops themselves, however. P. longipilum Nash has 
been collected at the Blake’s Ferry flat-rock, and P. 
boscianum Fliigge at Echols’ Mill. No speeies of 
this genus seems to occur regularly in any of the 
flat-rock associations. 
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3. Andropogon 


This is usually the dominant grass-genus in depres- 
sions where soil has accumulated but where little or 
no woody vegetation has become established. These 
grassy areas often simulate old-field areas; the domi- 
nant grass-species are A. scoparius Michx., A. ter- 
narius Miechx., A. virginicus L., or all of these 
together. 


4. Aristida 


Species of Aristida oceur with other grasses and 
herbaceous species in shallow soils in depressions. 
None occurs in great abundance. The principal 
species present are A. dichotoma Michx., A. lon- 
gespica Poir., and A. purpurascens Poir. 


5. Danthonia 


The widely distributed D. spicata (L.) Beauv. 
oceurs in our area. D. compressa Aust., which is 
common in the mountains of North Carolina and 
Tennessee, apparently reaches its southern limit in 
Heard County, on the flat-rocks (Pyron & McVaugh 
2831). D. sericea Nutt., a species of the Atlantic 
Coastal Plain, oceurs sparingly on the granites from 
North Carolina to Alabama (see Oosting & Ander- 
son 1939, Huntley 1939, Harper 1939). 


6. Sphenopholis 


Grasses of this genus are abundant about most of 
in mats of vegetation and 
also to some extent in erevices and in semi-weedy 
situations. The most abundant species is S. nitida 
(Spreng.) Seribn., which occurs throughout the area; 
S. obtusata (Michx.) Seribn. is almost equally 
abundant. 


the outcrops, oceurring 


7. Agrostis 


A. elliottiana Schult. This is one of the few grasses 
which seem definitely associated with the flat-rock 
habitat. It is found on all the principal outcrops 
from North Carolina to Alabama, usually in abun- 
dance. It grows in erevices or in shallow mineral 
soil about the margins of depressions, usually with 
Diamorpha cymosa, Arenaria brevifolia and Phacelia 
dubia var. georgiana. It is known chiefly as a species 
of the Atlantie Coastal Plain. 

A. hyemalis (Walt.) B. S. P. A common south- 
eastern species, abundant on and about the granite 
outerops, often associated with A. elliottiana. 


8. Miscellaneous Genera 


Eragrostis spectabilis (Pursh) Steud. This spe- 
cies, as well as most of the following, oceurs sporad- 
ieally on the granite surfaces in suitable spots, but 
is not an important member of the flora. E. specta- 
bilis is known to oceur in flat sandy depressions at 
Sparta and at Panola Mountain. 

Stipa avenacea L. and Melica mutica Walt. oceur 
commonly in shaded rocky woods in this region and 
are found oceasionally on the flat-rocks where the 
shade is sufficiently dense. 
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Cinna arundinacea L. and Glyceria striata (Lam.) 
Hitche. have been reported from Forty-Acre Rock 
by Huntley (1939). Both probably came from moist 
situations nearby, rather than actually from the 
flat-rock. 

Alopecurus carolinianus Walt., a rather widespread 
species, was reported by Oosting & Anderson (1939) 
from sphagnous depressions on the granites in North _ 
Carolina. 

CYPERACEAE 


Cyperus aristatus Rottb. (C. inflexus Muhl.). A 
widely distributed species, occurring throughout our 
area both on and off the granite outerops. On the 
flat-rocks it is commonly found in shallow depres- 
sions where some water has stood, but which are 
too shallow to contain permanent pools; such depres- 
sions, which ordinarily contain but a few centimeters 
of mineral soil, are thickly covered in autumn by 
multitudes of plants of this or the following species, 
or both, growing with Fimbristylis autumnalis, F. 
annua and Bulbostylis capillaris. 

Cyperus granitophilus MeVaugh. This plant is 
unknown except from the granite outcrops; it ranges 
from North Carolina to Alabama, often closely asso- 
ciated with C. aristatus and simulating it; it has 
been reported from sandstone outerops in Tennessee 
(Svenson 1941). C. aristatus is common on the 
rocks of the Altamaha Grit, some of which have a 
flora similar to that of the flat-rocks farther north; 
C. granitophilus, however, has not been found below 
the Fall Line. Full citation of collections of this 
species may be found in a recent paper by O’Neill 
(1942). 

Fimbristylis autumnalis (L.) R. & §., var. muero- 
nulata (Michx.) Fern. This is very common on 
almost all the flat-rocks, often growing in depres- 
sions in shallow mineral soil which supports no per- 
manent vegetation. 

Fimbristylis annua (All.) R. & S. (Fimbristylis 
baldwiniana (Sehult.) Torr.). Another annual species 
which occupies situations like those in which the 


preceding species abound. It ranges from south- 
eastern Pennsylvania to Florida, mostly on the 


Coastal Plain, thence westward to Texas and Ari- 
zona, north to Missouri and Arkansas. 

Fimbristylis diphylla (Retz.) Vahl. This plant is 
a native of tropical America, here nearing its north- 
ern limit. It oceurs in wet grassy areas on the 
granites southeast of Sparta, McVaugh 5338. 

Bulbostylis capillaris (L.) C. B. Clarke, var. 
erebra Fern. An autumnal species, intimately asso- 
ciated with the preceding members of its family, 
and very abundant on flat-rocks. 

Eleocharis obtusa (Willd.) Sehult. This is the 
only member of its genus that occurs to any extent 
on the flat-rocks. It is always found in muddy places 
where ditches or quarry holes have disturbed the 
original surface, or where a road crosses the outerop. 
It may, therefore, be regarded as a more or less 
weedy immigrant and not a typical member of the 
flora. E. microcarpa Torr., which is found chiefly 
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on the southeastern Coastal Plain, is known from 
similar places at Little Stone Mountain (Svenson 
1937). 

Scirpus carinatus (Hook. & Arn.) A. Gray. The 
range of this little sedge is from Georgia to western 
Tennessee, Missouri, and eastern Texas, chiefly in 
the Coastal Plain. It also oceurs in California, in 
swamps and low places along the coast. Although 
it seems previously not to have been reported from 
east of Alabama, it is abundant in shallow soil-pock- 
ets at Echols’ Mill and at Heggie’s Rock (Pyron & 
MecVaugh 2445, 2527, 2860). Its usual associates 
are Isoetes melanopoda, Phacelia dubia var. georgi- 
ana, Hedyotis crassifolia, Arenaria brevifolia and 
Trifolium carolinianum. It has been pointed out very 
recently (Gleason 1942) that the name of this species 
is antedated by Scirpus carinatus Smith and that it 
is properly ealled Scirpus koilolepis (Steud.) 
Gleason. 

Rhynchospora glomerata (L.) Vahl. This coarse 
species occurs sparingly in moist grassy or mossy 
depressions on flat-rocks. Oosting & Anderson (1939) 
state that it, together with R. microcarpa Baldw. and 
R. cymosa Ell., “may be found on every outcrop 
where pools are filling up.” It is often associated 
with sphagnum. 

Rhynchospora cymosa Ell. The commonest Rhyn- 
chospora on the flat-rocks, oceurring on practically 
all the exposures, with Panicums and Andropogons, 
in the vegetation-mats in depressions. 

Rhynchospora saxicola Small. A rather rare spe- 
cies, which is apparently endemie on the flat-rocks in 
Georgia. The following collections have been checked 
by the most recent monographer of the genus, Miss 
Shirley Gale: Loganville, Pyron & McVaugh 549; 
Greensboro, McVaugh 5328; Sparta, MceVaugh 5345, 
in part. The type of the species came from Little 
Stone Mountain. It is possible that the report of 
R. microcarpa from North Carolina, referred to 
above, is based on this species. 

Scleria pauciflora Muhl. “Frequently present,” 
according to Oosting & Anderson (1939). Species 
of this genus are not associated regularly with the 
granite outerops, although several occur in the south- 
eastern states. 

XYRIDACEAE 


Xyris caroliniana Walt. Members of the genus 
Xyris are often present in wet depressions or on 
wet slopes where sphagnum has accumulated. X. 
caroliniana has been collected in Heard County (Mc- 
Vaugh 5190) and in Randolph County, Alabama 
(McVaugh 5209). X. ambigua Beyr. has been col- 
lected in similar situations in North Carolina (Oost- 
ing 1831, in herb. Duke). 


COM MELIN ACEAE 


Tradescantia canaliculata Raf. This striking plant, 
easily recognized in the field by its glaucous and 
more or less suceulent leaves and stem, has been 
collected a number of times on the granite outcrops. 
It oceurs rather abundantly in some places, in erev- 
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ices and along ledges, often associated with T. hir- 
suticaulis. Its known range, however, includes most 
of the eastern United States and, as it is often semi- 
weedy in occurrence in the Southeast, it is not 
to be regarded as a regular member of the flat-rock 
association. 

Tradescantia hirsuticaulis Small. From late Mareh 
to early May this species is a conspicuous member 
of the flora of the flat-rocks. The flower color varies 
from deep purple to rose-red and the plants usually 
oceur in clumps of some size wherever cracks or 
ledges in the rocks give them a foothold. Like most 
of the herbaceous perennials in the flat-rock asso- 
ciations, this species cannot persist in the shallow 
soil of the rock-pools. Anderson & Woodson (1935) 
have pointed out that the disjunct range of this spe- 
cies “illustrates well the affinity of the flora of the 
southern Appalachian Mountains for that of their 
western extensions in the Ouachita Mountains of 
Arkansas and extreme eastern Oklahoma.” The spe- 
cies is now known from Heggie’s Rock, from Echols’ 
Mill (Pyron & McVaugh 2449), from Stone Moun- 
tain, from Athens, from The Rocks in Rockdale 
County, from Pike County, and from Heard County. 

Tradescantia rosea Vent. This delicate little spe- 
cies is known from Heggie’s Rock, Pyron & Me- 
Vaugh 1682. It is common along the Fall Line sand- 
hills, from South Carolina to Georgia, but is rarely 
found outside the Coastal Plain. It is not to be con- 
sidered a regular member of the flat-rock flora. 

Commelina erecta L. A regular member of the 
flora of the granite exposures, its habitat exactly that 
of Tradescantia hirsuticaulis. Its flowering period, 
however, is much later, being at its height from July 
to late August. This is the plant, described as C. 
saxicola Small, which was formerly supposed to be 
endemie on the granite exposures. Its range is of 
the type deseribed for Fimbristylis annua. 


JUNCACEAE 

Several members of the genus Juncus are abun- 
dant in the region about the granite outcrops, usually 
occurring in wet or muddy places or as weeds of 
cultivation. An annual species, J. bufonius L., which 
is almost worldwide in distribution, is frequently 
found in shallow soil on and about the flat-rocks, 
and sometimes in the pools on the outcrops them- 
selves. Other species, including J. effusus L., J. 
macer 8. F. Gray, J. tenuis Willd., and J. acuminatus 
Michx. are found in moist, usually disturbed areas 
on the outerops. In slightly dryer situations, often 
among grasses and sedges, J. scirpoides Lam. and 
J. biflorus Ell. often abound. 

Juncus georgianus Coville. This species, so far as 
known, is wholly confined to these granite exposures. 
It oceurs in abundance on almost all the flat-rocks 
from Columbia County, Georgia, to Randolph County, 
Alabama, and Small (1933) reports its from North 
Carolina. It was discovered on Stone Mountain by 
Canby in 1869. The usual habitat is in shallow 
mineral soil in depressions on the granite, where it 
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has almost no competition except for the spring an- 
nuals, and where it grows in elumps which may 
exceed 20 em. in diameter at the surface of the 
ground. The roots are unusually well developed, 
spreading out in all directions and usually much 
exceeding the aerial parts of the plant. 


LILIACEAE 


Allium cuthbertii Small. A handsome onion with 
nearly white flowers, which is found in abundance in 
mats of vegetation among mosses and other herba- 
eeous species at Echols’ Mill, at Pine Mountain and 
Mt. Arabia. It appears to be absent from the other 
flat-rocks but occurs on the flat sandstone outerops 
of the Altamaha Grit, as well as on sandhills, par- 
ticularly in the inner Coastal Plain, from North 
Carolina to Alabama. Its nearest relative 
cernuum Roth. 

Nothoscordum bivalve (L.) Britton. This species 
is found rather widely in the southeastern United 
States in waste grounds, along roadsides, in pastures, 
and in rocky places in general, often having the ap- 
pearance of a weed. In the region about the flat- 
rocks it is by no means confined to these exposures 
but flourishes there. It is often so abundant that its 
white flowers color the entire area during the flower- 
ing season. It is probably the most common and 
most characteristic species of the flat-rock vegetation 
and ean withstand a eonsiderable range of habitat 
conditions, so that it is usually found even about the 
margins of the smallest outerops where cultivation 
and grazing have obliterated most of the rare plants. 

Erythronium americanum Ker. The trout-lily is 
loeally abundant on these granitie rocks, oeceurring 
in the vegetation-mats where some soil has aceumu- 
lated. It is equally abundant, however, in adjoining 
moist woodlands and its presence on the flat-roeks is 
apparently of no special significance. 

Schoenolirion croceum (Miehx.) A. Gray (Oxytria 
crocea (Michx.) Raf.). The bright vellow flowers of 
this handsome plant make a good showing in the 
vegetation-mats on all the principal flat-rocks. The 
plants are particularly numerous among grasses and 
sedges in depressions which retain water semi-per- 
manently, their usual associates being Nothoscordum 
bivalve, Rhynchospora cymosa, Oenothera fruticosa, 
Rhexia mariana, tomentosus, Coreopsis 
grandiflora, Viguiera porteri, and sometimes Isoetes 
melanopoda. 


is A. 


Senecio 


The nomenclature of the species of this genus is 
somewhat involved; it has been the subject of several 
articles (Gray 1876, Pollard 1897). The most recent 
manual of the Southeastern Flora (Small 1933) in- 


eludes (under the genus Oxrytria) three species. Ex- 
amination of a considerable amount of material, 


however, does not reveal any basis for the segregation 
of S. teranum (Scheele) A. Gray, from S. croceum. 
Morphologically the two appear to be identical, the 
only difference lying in the flower color, which is 
bright yellow in S. croceum and is said to be “green- 
ish-white” in “S. texanum-’ Until more information 
is available relative to the geographical distribution 
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of the color forms, it is probably best to regard them 
as conspecific and perhaps not even worthy of sub- 
specific designation. If the complex ineluding S. 
croceum and S. texranum be regarded as comprising 
a single species, its geographical range is a natural 
one very much like that of Forestiera ligustrina and 
other species. 

Yucca flaccida Haw. The plants which oceur 
rather frequently about the margins of most of the 
rocks are tentatively referred to this species. Yuceas 
are found here and there, often presumably eseaped 
from cultivation, throughout the regions in which the 
granites lie, but like so many other species they seem 
to find optimum conditions on and near the flat-rocks. 
The marginal zones of the exposures frequently sup- 
port large numbers of plants which flower and fruit 
abundantly. They probably contribute little to the 
successional series on the rocks, as they oceur prin- 
cipally in soils just off the edges of the exposures, 
but their presence here may be indicative of a long- 
continued existence in this habitat. 


AMARYLLIDACEAE 

Agave (Manfreda virginica (L.) 
Salisb.). Plants of this genus oceur in some abun- 
dance on the flat-rocks. They grow in erevices, on 
ledges, and where a few centimeters of soil may have 
accumulated at the edge of a mat of vegetation. It 
is doubtful that more than one species occurs in 
this habitat; the status of the so-called Manfreda 
tigrina is problematical. The leaves are either green 
or purple-spotted, apparently without regard to other 
morphological characters, and the capsule becomes 
relatively wider with increasing maturity, the width 
finally much exceeding the height. The seeds are 
approximately the size given by Small (1933) for 
A. virginica (Manfreda virginica) but the perianth 
is often smaller than that of either species mentioned 
by him. According to Berger (1915) the subgenus 
Manfreda comprises 18 species, of which all except 
the present one are Mexican or extend slightly into 
southern Texas. 

Zephyranthes atamasco (L.) Herb. The Atamaseo 
lily, like the trout lily, oceurs abundantly on some of 
the granite outerops, but is not a regular member of 
this association. It is far more abundant on the 
Coastal Plain, where it is found in low wet grounds 
as well as on the flat sandstones of the Altamaha 
Grit. 


virginica L. 


IRIDACEAE 
Belamcanda chinensis (L.) DC. This, the blaek- 
berry lily, is locally abundant about the flat-rocks at 
Kehols’ Mill, at Heggie’s Rock, and at Eatonton. Its 
presence there does not materially affect the present 
discussion, but the species is of interest as being one 
of the few introduced plants which grow well about 
these granitie exposures. 
FAGACEAE 
Quercus georgiana M. A. Curtis. A rare and loeal 


species, abundant at a few localities only. It was 
discovered by H. W. Ravenel on Stone Mountain in 
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1848. It appears to be entirely absent from many 
of the flat-rocks, prolonged search having failed to 
reveal it. It is known from near Birmingham, Ala- 
bama, and from Concord, Warm Springs, Stone 
Mountain, Little Stone Mountain, Big Haynes Creek, 
and Parks Mill near Auburn, Georgia. Its nearest 
relative is Q. palustris DuRoi. 

Quercus nigra L. This is one of the commonest 
oaks in the lower Piedmont, oceurring everywhere in 
woods and thickets, and able to maintain itself in 
the larger soil-areas on the flat-rocks. @Q. microcarpa 
Small, supposedly endemie on Little Stone Mountain, 
is apparently but a form of Q. nigra. 

Other species of oaks, notably Q. marilandica 
Muenchh., Q. phellos L., and Q. faleata Michx., stand 
im the same relation to the flat-rocks as does Q. nigra; 
all are members of the native forest flora rather than 
of the typieal flat-rock association. 


ULMACEAE 


Ulmus alata Michx. The winged elm is common 
in the southeastern states and, ‘as indieated by 
Oosting & Anderson (1939), is very likely to be 
found as a late addition to the flora of mats orig- 
inating in depressions. Like the presence of Pinus 
taeda, Liquidambar styraciflua and Quercus nigra its 
presence seems to show no more than aggressiveness 
or tolerance in its seedling stages. 


POLYGON ACEAE 


Rumex hastatulus Baldw. Like Nothoscordum bi- 
valve and Linaria canadensis, this plant is eminently 
at home on the flat-rocks and equally so elsewhere; 
on the Atlantic Coastal Plain it becomes weedy and 
often oceurs in great numbers in sandy areas. This 
was true even in the early deeades of the 19th cen- 
tury, if one may believe the statement attributed to 
Baldwin by Elliott (1817) : “Grows in arid cultivated 
land in the south of Georgia and East-Florida. The 
valves enclosing the seed become red by age, and 
give the old pastures, which this plant often entirely 
engrosses, a most splendid appearance.” The plant 
is regularly present on flat-rocks, and is usually 
numerous enough to make a considerable showing 
when in fruit; it is often far more abundant in soil- 
filled depressions on the rocks than in the nearby 
cultivated fields. 

Polygonum tenue Michx. A little annual plant, 
rather widely distributed in eastern United States, 
which is often common about the margins of the 
outerops in sandy soil; its usual habitat is at the edge 
of the zone oceupied by Cyperus granitophilus and 
Fimbristylis autumnalis, or between this area and 
that in which the taller perennial plants are growing. 


PORTULACACEAE 


Talinum teretifolium Pursh. A showy little sueeu- 
lent which, although not restricted to the flat-rocks, 
is a very characteristic member of their flora. The 
perennial corm-like bases of the plants persist in 
large numbers about the edges of soil-filled depres- 


sions and soil-mats of all kinds. They are among 
the hardiest of all the perennial members of the 
vegetation and can survive even in some of the de- 
pressions which contain mineral soil but which retain 
so little water that they have practically no_per- 
manent vegetation. This species ranges from eastern 
Pennsylvania and Maryland, where it is frequent on 
serpentine rocks, to southeastern Georgia where it 
occurs on sandstone. It is relatively infrequent in 
Georgia below the Fall Line but is common through 
the granite region and northward into the mountains. 
According to Wolf (1939) it is probable that 7. 
teretifolium does not oeeur in Alabama. 

Talinum mengesii Wolf. This is a somewhat larger 
and more handsome species than the preceding, but it 
is far less common on the flat-rocks, where it occupies 
the same type of habitat. It seems to be absent from 
most of the outcrops except in Alabama, where ten 
stations in the Appalachian region are cited by Wolf 
in the paper referred to above. It occurs, however, 
at several localities in Heard County, Georgia, and 
at Loganville (Pyron & McVaugh 974, ete.). There 
are in the genus Talinum, according to Wilson 
(1932a) 31 North American species. Of these 25, 
ineluding 7. mengesii and T. teretifolium, belong to 
a group with linear-terete leaves. All the species in 
this group are Mexican or natives of the arid regions 
from Arizona eastward, three species extending their 
‘ranges well up the Mississippi Valley and two ex- 
tending eastward into our area. 

Portulaca smallii P. Wilson. This rather recently 
described species seems sufficiently distinct from P. 
pilosa L., which oceurs on the Atlantie Coastal Plain 
and to which plants from the granite outcrops were 
formerly referred. P. smallii is abundant on most 
of the flat-rocks from North Carolina to DeKalb and 
Pike counties, Georgia, but it seems not to occur in 
western Georgia or in Alabama. Its usual habitat 
is in the flat shallow soil of depressions on rock sur- 
faces, and in similar situations at the margins of the 
outerops. The corolla is inconspicuous, white or 
nearly so, practically concealed by the bracts and 
the long pale, sordid hairs, which are distinctly 
lighter in color than those of P. pilosa. 

Portulaca coronata Small (P. lanceolata Engelm., 
not Haw.). Portulaca coronata is unique among 
North American species of its genus in having the 
rim of the capsule crowned by a flaring wing. It 
ranges from South Carolina across Georgia through- 
out the granite regions to eastern Alabama; it oc- 
curs also from the granite region of Texas to Ari- 
zona and Baja California, and in Cuba and Jamaica. 
P. coronata is often found growing with P. smallii, 
but usually in slightly more shaded situations. Speei- 
mens from Heggie’s Rock, Eatonton, and Greensboro, 
Georgia, and also plants from Auburn, Lee County, 
Alabama, Small’s specimens from Little Stone Moun- 
tain, and Miss Huntley’s collection from Forty-Acre 
Rock, have been examined. The North American 
Portulaeas are, with the exception of the two treated 
here, either predominantly West Indian or Mexican 
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in range, or natives of the region from Arkansas 
southwestward (Wilson 1932b). Typical P. coronata 
Small, from Little Stone Mountain (Small 1933) is 
apparently identical with typical material of P. 
lanceolata Engelm. from farther west. 


CARYOPHYLLACEAE 


Arenaria brevifolia Nutt. This is a beautiful little 
white-flowered annual which is one of the showiest of 
all the species on the flat-rocks during its flowering 
As Oosting & Anderson have pointed out, it 
often forms dense masses at this time, completely 
obscuring the mats of soil and vegetation upon which 
it grows. A common associate of this species is 
Phacelia dubia var. georgiana. While not wholly 
confined to the granite region, A. brevifolia is not 
abundant elsewhere; it is present locally on outerops 
of Altamaha Grit in the Coastal Plain of Georgia. 
An interesting account of Nuttall’s discovery of this 
plant (in Tattnall County, Georgia) is given by 
Harper (1904). 


season. 


RANUNCULACEAE 


Delphinium Walt. Although very 
abundant and conspicuous at Heggie’s Rock, this 
larkspur is not regularly found on the granite ex- 
posures. When present it is usually in fairly deep 
soil, with Tradescantia hirsuticaulis, Oenothera fruti- 
cosa, and Schoenolirion croceum. 


carolinianum 


CRUCIFERAE 


Weedy members of this family, including Capsella 
bursa-pastoris (L.) Medik., Lepidium virginicum L., 
Stenophragma thaliana (L.) Celak., and Draba verna 
L., are common in fields throughout the regions oceu- 
pied by the flat-rocks. There is little tendency, how- 
ever, for these weeds to spread to the outcrops them- 
selves, except in much-disturbed areas. There ap- 
pears to be no evidence that any of these offers severe 
competition to the native species characteristic of 
the flat-rock associations. 

Other ecrucifers, including Draba brachycarpa Nutt. 
and Cardamine parviflora L., are found occasionally 
on the rocks themselves, in moist soil-covered areas, 
but apparently do not constitute an integral part of 
the flora. 


CRASSULACEAE 


Sedum pusillum Michx. One of the rarest and at 
the same time most characteristic species of flat-rocks. 
There is no known occurrence of S. pusillum except 
on these granite exposures; the plant is almost in- 
variably found on sloping patches of granite, in par- 
tial shade, usually under junipers among mosses and 
debris from the junipers and pines. It was first 
discovered by Michaux, probably in 1795, in Kershaw 
County, South Carolina, and has more lately been 
found by Miss Huntley in Laneaster County. Her 
specimens, a fragment of Michaux’ type (in herb. 
Gray), and also the following from Georgia have 
been examined: Heggie’s Rock, Pyron & McVaugh 
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1681; Cedar Rock quarry, 5 miles east of Camak, 
Pyron & McVaugh 2052; 1 mile north of Camak, 
Pohl (in herb. Acad. Nat. Sei. Phila.) ; Echols’ Mill, 
Pyron € McVaugh 2433; The Rocks, Conyers, Pyron 
& MeVaugh 1322; Stone Mountain, Pyron & Me- 
Vaugh 478; Mt. Arabia, Eyles 931. This species, 
according to Fréderstrém (1935), is most closely re- 
lated to S. nuttallianum Raf. of the region from 
Missouri to Texas, and to Sedum (Diamorpha) cy- 
mosum. Rose, on the other hand (Britton and Rose 
1905), made it the type of a monotypic genus, 
Tetrorum, on the basis of its 4-carpellate flowers. 





Fig. 33. 
County, Georgia, Mareh, 1939 (slightly less than natural 
size). 


Sedum pusillum at Heggie’s Rock, Columbia 


Diamorpha cymosa (Nutt.) Britton. The casual 
visitor to the flat-rocks in spring is inevitably im- 
pressed by this species because of its striking red 
color and unusual abundance. Shallow depressions 
covered with mineral soil are extensively covered by 
Diamorpha, the plants en masse lending their bril- 
liant color to the whole outerop. The range of the 
species is from North Carolina to Alabama, with a 
few occurrences in east-central Tennessee. Although 
it is found in a few places on sandstone, the usual 
habitat is on flat-rocks, where it acts as a winter an- 
nual and is one of the most successful pioneers in 
humus-free pools on the granite. It is most unusual 
if not unique in the Crassulaceae because of its fol- 
licles, which open by a break on the dorsal side near 
the base; it has no near relatives in the New World. 
D. smallii Britton appears to be no more than a form 
of D. cymosa. 


SAXIFRAGACEAE 
Lepuropetalon spathulatum Ell. This is an exceed- 


ingly inconspicuous plant, known from but few loeal- 
ities, and perhaps overlooked by most collectors. Its 


known range is from South Carolina to Texas, chiefly 
in the Coastal Plain; on the flat-rocks it oceurs on 
the large outerops known as “The Rocks,” near Con- 
yers, in Rockdale County, Georgia (Pyron & Me- 
Here it is 


Vaugh 2547, in herb. U. S. Nat. Arb.). 
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rather abundant in spring, associated with Hedyotis 
crassifolia, Krigia virginica, and Trifolium carolin- 
ianum about the margins of earth-filled depressions. 

Saxifraga virginiensis Michx. Oceurs on moist 
ledges and in erevices about the flat-rocks as it does 
in most areas of similar rainfall and topography in 
the eastern United States. 

Philadelphus grandiflorus Willd. A not uneommon 
species in the southeastern Piedmont, and abundant 
on the granite hills in the vieinity of Stone Mountain. 

Ribes curvatum Small. The so-ealled granite goose- 
berry is abundant on Stone Mountain and ranges 
northward and westward into the Appalachian region 
of Alabama. It is certainly not to be considered a 
typical member of the granite flora. 


ROSACEAE 


Amelanchier sp. A species of this genus, be- 
longing to the group of A. canadensis (A. arborea) 
but the plants smaller than those of that species and 
with smaller flowers, oceurs on several of the granite 
outerops. The taxonomy of this genus has been in- 
sufficiently investigated in the Southeast and it is 
impossible at present to assign a specific name to 
this variant. 


LEGU MINOSAE 


Cassia fasciculata Michx. Another of the species, 
like Rumex hastatulus and Linaria canadensis, that 
behaves like a weed in cultivated areas but seems to 
be in its natural habitat on the flat-rocks. In August 
the flowering plants are very abundant and con- 
spicuous on low grassy areas. 

Lotus helleri Britton. A relatively rare plant of 
the Piedmont region in North Carolina and South 
Carolina. Its nearest affinities are with L. americanus 
(Nutt.) Biseh., which ranges from Alabama to Texas 
and westward. This species has been collected at the 
flat-rock north of Camden, South Carolina, McVaugh 
5125, and Britton’s original article cites specimens 
from Mecklenburg and Rowan counties, North Car- 
olina, and a Sechweinitz collection which may have 
come from Salem. 

Trifolium carolinianum Walt. An interesting little 
plant of compact growth, unaceountably absent from 
some of the granite exposures but very common at 
others. It occurs under a rather definite set of con- 
ditions, growing almost invariably in slightly raised 
soil-pockets with Hedyotis crassifolia, Phacelia dubia, 
Arenaria brevifolia, and other spring-flowering spe- 
cies of similar stature. Specimens from Franklin, 
from The Roeks near Conyers, from Big Haynes 
Creek, from Echols’ Mill and from Heggie’s Rock 
are at hand. The range is given by Small (1933) as 
“various provinces, N. pen. Fla. to Tex., Kans., and 
Md.,” but there are few if any authentic native 
specimens from farther north than South Carolina. 
It is most elosely akin to 7. amabile H. B. K. of 


Mexico and other annual species of west-American 
distribution; according to Taubert (1891) its own 
range extends to Central America. 


Trifolium saxi- 
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cola Small is unknown -except for the original col- 
leetions from Stone Mountain. So far as ean be 
determined from examination of the type material, 
its is simply 7. repens L. 

Amorpha spp. Plants of this genus oeceur eom- 
monly in the thickets which arise on the granite out- 
crops and about their margins. Here they are asso- 
c:ated with Forestiera ligustrina, Ptelea trifoliata, 
Rhus copallinum, Callicarpa americana, Vaccinium 
arboreum, Juniperus virginiana and oceasionally with 
Vitis rotundifolia and Chionanthus virginica. 


LIN ACEAE 


Linum medium 


(Planeh.) Britton. Abundant in 
well-drained, grassy spots at the Franklin and Blake's 


Ferry flat-rocks, with Panicums and Rhynchosporas. 


RUTACEAE 


Ptelea trifoliata L. This shrub does not form a 
large component of the flora of the granitic exposures, 
but oceurs in some abundance on the higher and 
steeper outcrops in the vicinity of Stone Mountain. 
P. serrata Small seems impossible to distinguish; all 
the plants from the flat-rocks bear the suborbicular 
to oval samaras ascribed by Small (1933) to P. 
trifoliata. 


POLYGALACEAE 


Polygala curtissii A. Gray. During July and 
August small soil-filled depressions on the flat-rocks 
are almost wholly covered by a dense growth of three 
annual species: Polygala curtissii, Hypericum gen- 
tianoides, and Crotonopsis elliptica. Depressions of 
this sort are gradually invaded by perennial species, 
including species of Andropogon, Panicum, and 
Rhynchospora. The Polygala is notable for its long 
flowering period, which extends throughout much of 
the summer. The range of P. curtissii is very largely 
limited coastward by the Fall Line, at least in the 
Southeast, while below the Fall Line is found the 
very closely related P. chapmanii Torr. & Gray, 
which is seareely distinet, differing only by the 
slightly shorter wings of the flower and the relatively 
narrower spikes. 
EUPHORBIACEAE 


Crotonopsis elliptica Willd. This species is omni- 
present on flat-rocks, the individual plants oceur- 
ring in enormous numbers in shallow soil about the 
margins of the outcrops where there is little or no 
competition from shrubs and herbaceous perennials. 
It fruits abundantly in dry and sterile situations and, 
although it becomes a weed here and there in the 
southeastern United States, it does not seem to be a 
recent introduction to the granite region. It ranges 
north, chiefly in the Piedmont, as far as Connecticut, 
and west and northwest to Texas and Kansas. Its 
only elose relative is C. linearis Michx., which is 
rather strictly confined to the Coastal Plain from 
Seuth Carolina to southern Texas. 

Other members of the Euphorbiaceae, including 
Acalypha gracilens A. Gray, Euphorbia maculata L. 
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(E. nutans Lag.), and E..supina Raf., oceur spar- 
ingly on the granites as well as elsewhere in the 
vieinity, but seem to contribute little to the suecees- 
sional series. 

CALLITRICH ACEAE 


Callitriche heterophylla Pursh. On some of the 
flat-rocks, notably where quarrying operations have 
left irregular openings in the rock surfaces, perma- 
nent pools are formed. These support a considerable 
population of emersed aquatics and a few species 
which are regularly submersed, including this Calli- 
triche. Its presence is apparently not particularly 
pertinent to the present discussion. 


AN ACARDIACEAE 


Rhus aromatica Ait. This little shrub is commonly 
associated with steep rocky slopes bordering the flat- 
rocks; it is, therefore, often collected on shaded 
ledges on the granite exposures, but is scareely a 
typical member of the flora. It is perhaps significant, 
however, that it is abundant here in suitable situa- 
tions, even where nearing the southeastern limits of 
its range, but is not frequently met with elsewhere 
in the region. 

Rhus copallinum L. A common plant on and about 
the granite outcrops, and in woods, thickets, and old 
fields in their vicinity. On the flat-rocks it acts as 
a semi-weedy species, invading vegetation-mats after 
considerable amounts of soil and humus 
accumulated. 


have 


HYPERICACEAE 


Hypericum gentianoides (L.) B. 8. P. One of the 
most characteristic summer-flowering species, occur- 
ring in large numbers on the flat-rocks and becom- 
ing very luxuriant there. Its habitat is essentially 
that of Polygala curtissii and Crotonopsis elliptica. 
It is a common species in old fields and sandy situa- 
tions in the southeastern United States. With a 
closely related species, H. drummondii (Grev. & 
Hook.) Torr. & Gray, this plant is sometimes referred 
to the genus Sarothra. 

Hypericum denticulatum Walt. A plant commonly 
found in the larger vegetation-mats, usually associ- 
ated with Linum medium, Rhynchospora spp., Andro- 
pogon spp., Coreopsis grandiflora, Commelina erecta, 
and Liatris microcephala. 

Hypericum prolificum L. Not a usual member of 
the granite-rock association, but at the flat-rock near 
Franklin becoming the dominant shrub over large 
areas of level or gently rolling rocks. It is found in 
pastured areas in depressions which retain some 
moisture semi-permanently. Among the associated 
species are mosses, including Sphagnums; among the 
flowering plants Senecio tomentosus and S. 
are abundant. 

Hypericum galioides Lam. (ineluding H. fascicula- 
tum Lam.). A common plant of the Coastal Plain, 
found sparingly in crevices on a few of the flat-rocks. 
It occurs at Franklin, and it was reperted from 
South Carolina by Huntley (1939). 


smallii 
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Hypericum splendens Small. A truly splendid 
shrub which is confined, so far as known, to the steep 
broken slopes of Stone Mountain. It is very closely 
related to H. frondosum Michx. (H. aureum Bartr.) 
which ranges from South Carolina to Texas and 
Tennessee. 

CISTACEAE 


Lechea racemulosa Michx. This plant, like others - 
of its genus, appears most at home in somewhat dis- 
turbed areas. On the flat-rocks it is rather widely 
distributed in shallow sterile soil which supports lit- 
tle other vegetation. It is searcely possible to assign 
it a definite place in the association, as it grows else- 
where in the vicinity of the flat-rocks with equal 
ease. 

VIOLACEAE 


Viola kitaibeliana var. rafinesquii (Greene) Fern. 
(V. rafinesquii Greene). Fernald has coneluded, 
after study of this plant, that it is no more than a 
widely distributed (in America) form of a European 
species. He may be amply justified in his econ- 
clusions, as the plant in question has no American 
relatives, belonging to a group that is strictly Old 
World in origin. It is, moreover, usually found in 
this country in spots that suggest recent introduction 
rather than long establishment. If indeed a relatively 
recent introduction to the flora of the flat-rocks, 
it is a most suecessful one, as it appears perfectly 
at home on these outerops and is more or less 
general in its oeeurrence. 


CACTACEAE 


humifusa Raf. This name is applied 
tentatively to the prostrate species with broad flat 
joints which is very common on and near the flat- 
rocks. It is a regular member of the flora of the 
outerops, but it is equally common through most 
of the Piedmont on level or sloping rocks of all sorts. 
What is probably another species, with elongate 
joints, oceurs rather sparingly at Heggie’s Rock. 


Opuntia 


MELASTOM ACEAE 


Rhexia mariana L. This Rhexia is often an asso- 
ciate of Coreopsis grandiflora, Schoenolirion croceum, 
and Commelina erecta in small soil-covered areas 
which are being invaded by grasses and sedges. It 
is present on most of the outerops. 

Rhexia virginica L. This species is present in wet 
or sphagnous depressions on several of the flat-rocks, 


but is usually less abundant than R. mariana. 


ONAGRACEAE 


Oenothera linifolia Nutt., var. glandwosa Munz. 
This species is the only member of the section Peni- 
ophyllum (Pennell) Munz; the typical form of the 
species, var. typica Munz, ranges from Alabama to 
eastern Texas and northward in the Mississippi Val- 
ley to Illinois. The variety found on the flat-rocks, 
is, so far as known, endemic there; it oceurs at Ath- 
ens and Little Stone Mountain (Munz 1937), and it 
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has been collected at Heggie’s Rock (Pyron & Mc- 
Vaugh 1670) and at a small outerop west of Doug- 
lasville, Douglas County, Georgia (Pyron & McVaugh 
1723). Its usual habitat is in small soil-eovered areas 
which are being invaded by grasses and sedges; Oe. 
fruticosa is a common associate. 

Oenothera fruticosa L., var. subglobosa (Small) 
Munz. Common on most of the outerops from Au- 
burn, Alabama (Munz 1937) to eastern Georgia. It 
is very showy when in flower, occupying large areas 
of the soil-filled depressions which also harbor Schoe- 
nolirion croceum, Senecio tomentosus and Commelina 
erecta. This variety is apparently endemic on the 
flat-rocks, where it its sometimes associated with var. 
vera Hook. and perhaps with Oe. tetragona var. 
brevistipata (Pennell) Munz. 


ERICACEAE 

Vaccinium arboreum Marsh. Widespread in dry 
woodlands and thickets in the regions surrounding 
the flat-rocks, and often oceurring on ledges and on 
the surfaces of the outerops themselves where thick- 
ets have grown up. 

SAPOTACEAE 

Bumelia lycioides (L.) Gaertn. This is not reg- 
ularly associated with the granite exposures, but 
oecurs abundantly on Panola Mountain (McVaugh 
5407 ), where it is growing with Forestiera ligustrina. 

OLEACEAE 

Forestiera ligustrina (Miehx.) Poir. In the Pied- 
mont or Central Upland of Georgia, where flat- 
rocks oceur in most characteristic form, this shrub 
is almost universally present about the margins of 
the rocks themselves, but is rare in or absent from 
the woodlands in the neighboring country. It may 
be regarded with some justification, at least in Geor- 
gia, as the most typical woody member of the flat- 
rock association. It forms dense almost pure thickets 
between the forests and the rock surfaces; it occurs 
in the greatest abundance at Heggie’s Rock, Echols’ 
Mill, Sparta, and Panola Mountain. 

Chionanthus virginica L. The well-known grandsir 
graybeard or fringe-tree, which is found extensively 
throughout southeastern ,United States, oceurs spar- 
ingly in shaded thickets bordering the flat-rocks. It 
is far less abundant here than in the mountains of 
western North Carolina, where it is said to be a reg- 
ular shrub pioneer in vegetation-mats (Oosting & 
Anderson 1937). 

LOGANIACEAE 

Gelsemium sempervirens (L.) Ait. f. This is a 
common early-flowering vine in the thickets about 
the flat-rocks, and often oceurs in the larger shrub- 
covered mats on the rocks themselves. 


HYDROPHYLLACEAE 
Phacelia hirsuta Nutt. This is not a regular mem- 
ber of the flora of the flat-rocks, but it oceurs in 
abundance on Stone Mountain, along Big Haynes 
Creek southwest of Loganville and at Thompson’s 








Ecological Monographs 

Vol. 13, No. 2 
Mill, Gwinnett County, Georgia. The major part of 
its range lies west of the Mississippi River, from 
southern Missouri to Texas and Louisiana. No col- 
lections have been seen from the region between 
Georgia and the Mississippi River. This species has 
been confused, both in the field and in the herbarium, 
with P. dubia, from which it is easily distinguished 
as follows: 

1. Plants more or less beset with slender, stalked 

glands; pubescence of the sepals consisting 
of straight, slender white hairs 0.5-0.8 mm. 
We pee ee Cates Phacelia dubia 
1. Plants eglandular, but the inflorescence evi- 
dently hirsute; pubescence of the sepals 
consisting of white or glassy hairs which 
are usually somewhat curved, 1-1.5 mm. 
long, often enlarged at base and terminat- 
ing in raised pustules or teeth on the sepals 
Pid pacha tothe yetieene tents Phacelia hirsuta 

Phacelia dubia (L.) Trel. A very abundant piant 
about the edges of soil mats on the flat-rocks, where 
it is intimately associated with Arenaria brevifolia. 
The plant of our region seems to differ appreciably 
from the race of Phacelia dubia which occurs farther 
north. There are apparently no constant differences 
in flowers or fruits, but in the leaves of the two races 
are characters by which they may be separated. The 
race which occurs on the granite outerops is here 
designated as Phacelia dubia var. georgiana Me- 
Vaugh.* 

The original material of Polemonium dubium L. 
(Linnaeus 1753) upon whieh Phacelia dubia is based, 
was collected in Virginia in the 18th century by 
Clayton. The type is not accessible at present, but 
if it actually represents the species currently known 
as Phacelia dubia, it doubtless belongs to that race 
which is abundant in many parts of Virginia, chiefly 
east of the Blue Ridge, and ranges thence northward 
to New York and south to central Georgia. This 
may be designated as Phacelia dubia var. dubia Me- 
Vaugh, nom. nov. (Polemonium dubium L.). In our 
area var. dubia is known from but a single collection; 
a specimen collected on Stone Mountain by W. M. 
Canby in May 1869, now in the United States Na- 
tional Herbarium, may be referred to this variety. 

The common Phacelia of the flat-rocks is P. dubia 
var. georgiana, which in April and May often covers 
otherwise bare areas with large colonies. It is dis- 
tinguished from var. dubia as follows: 


1. Radical leaves 3- to 5- or 7-parted, with the 
basal pinnae usually much smaller than 
the others and with the terminal pinna 
often much enlarged and 3-lobed; leaves 
with 5 pinnae often appearing 7-parted 
because of the large 3-lobed terminal pinna; 
pinnae usually sessile; cauline leaves 
usually 3- or 5-lobed or pinnatifid, not pin- 
nate, although sometimes deeply incised 
and approaching the pinnate condition; 


8 Phacelia dubia var. georgiana McVaugh, var. nov. a planta 
typica foliis radicalibus et foliis caulinibus inferioribus oblongis, 
pinnatis, foliolis (7) 9-11 (13), plerumque petiolatis, differt. 
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leaves occasionally 7-lobed; uppermost leaf 
rarely entire; blades of ecauline leaves often 
obovate or ovate in outline because of en- 
largement of the three terminal lobes 
ciceag Pin eee var. dubia 
1. Radieal leaves pinnate, the pinnae 7-13 
(usually 9-11), about equal in size or de- 
creasing toward the base of the blade; at 
least the lower pinnae petiolulate, the 
petiolules up to 4 mm. long; lower cauline 
leaves like the radical ones; upper leaves 
deeply incised-pinnatifid with 5-9 lobes; 
blades prevailingly oblong. ..var. georgiana 


The following specimens of var. georgiana have 
been studied: Heggie’s Rock, Pyron & MceVaugh 
1685 and 2524, McVaugh 4653; 3 miles southeast of 
Sparta, McVaugh 4664, Hermann 10153; 13 miles 
east of Eatonton, Pyron & McVaugh 2397; Echols’ 
Mill, 12 miles northeast of Lexington, Pyron & Mce- 
Vaugh 2448 (the Typr, in the herbarium of the U. S. 
National Arboretum, and an IsoTyPE, at the Univer- 
sitv of Georgia); Macon, Bibb County, Georgia, on 
an Indian Mound, Pyron & MceVaugh 1524; 4 miles 
northwest of Coneord, Pyron &@ McVaugh 2296; 
Auburn, Lee County, Alabama, Mohr, 5/6, 1896, 
F. S. Earle, Apr. 10, 1897, and F. S. d E. S. Earle 
61; along Tallapoosa River about 2 miles above 
Tallassee, Elmore County, Alabama, Harper 82. The 
collections by Mohr, Earle and Harper are in the 
U. S. National Herbarium. 


VERBEN ACEAE 


Callicarpa americana L. A eommon shrub through- 
out this region, and apparently quite tolerant of soil 
aridity, as it is one of the chief shrubby invaders 
of vegetation-mats on the flat-roecks, where it is asso- 
ciated with Rhus copallinum and, in mature stages 
of the association, with Juniperus virginiana, Vac- 
cinium arboreum, and Pinus taeda. The violet-purple 
fru't is abundantly produced and very ornamental, 
and the plant is richly deserving of cultivation on 
its account. 


SCROPHULARIACEAE 


Like some members of the 
genera Juncus and Eleocharis, this widespread plant 
may be found in disturbed wet or muddy areas on 
and near the flat-rocks. It is seareely a typical 
member of the flora. Gratiola is abundant in a 
shallow depression at Echols’ Mill, where it was col- 
lected in May, 1938 (Pyron & MecVaugh 2866). A 
letter from Dr. Francis W. Pennell, relative to this 
collection, reads in part as follows: “Your collection, 
with that of Wherry & Benedict in 1928 from pool 
on granite, 6 mi. southwest of Grayson, Gwinnett Co., 
differ from G. neglecta Torr. by bracts shorter rela- 
tive to pedicels, capsules smaller (3 mm. long), 
upper corolla-lobes purple or purplish, and seeds 
smaller and grayer. They seem to match well my 
deseription and photograph of G. gracilis Benth. of 


Gratiola neglecta Torr. 
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Texas, which quite possibly came from similar gra- 
nitie areas. I am inelined to take this species out of 
the synonymy of G. neglecta, and will appreciate 
further observations of the two in your territory.” 

Amphianthus pusillus Torr. This unique species 
has, with the possible exception of Isoetes melano- 
spora, less tolerance to change in environment than 
any other member of the flat-rock associations. It ° 
is restricted to shallow flat-bottomed pools which are 
almost invariably completely surrounded by a rock 
rim several centimeters in height. Pools of this sort 
are completely dry in summer and after the spring 
and winter rains have evaporated all vegetation dis- 
appears from them. Through the winter and into 
the early spring, however, the soil is continuously 
wet with standing water. This type of depression, 
in which the rim is not at all eroded, is relatively 
infrequent even on the larger flat-rocks, so that 
Amphianthus is exceedingly rare except very locally. 
A diseussion of its geographical distribution was 
published in 1937 (MeVaugh & Pyron 1937); it has 
since been found in Randolph County, Alabama, as 
reported by Harper (1939). The genus is of doubt- 
ful systematic position with no near relatives, but 
placed most recently by Pennell (1935) in the 
Gratioleae. 

Lindernia monticola Muhl. ex Nutt. The original 

material upon which this species was based is thought 
to have come from a flat-roeck near Salem, North 
Carolina. It is very constantly associated with the 
granite exposures, from North Carolina to Alabama, 
growing about the margins of soil-filled depressions 
and patches of soil on slopes. It is usually aceom- 
panied by Hedyotis crassifolia and Arenaria brevi- 
folia. It is not confined to the granitie areas, but 
ranges southward into the Coastal Plain of Georgia 
and Florida. 
Linaria canadensis (L.) Dumont. As _ indicated 
above, this plant is thoroughly at home on the flat- 
rocks. It is a common and aggressive weed in all 
parts of our region, however, and any inferences 
regarding its significance must be drawn with much 
caution. Its range, taken in conjunction with that 
of the very closely related L. texana Scheele, has a 
striking similarity in all its major features to those 
of many of the rarer species with which this paper 
is eoneerned (Pennell 1935, maps 82 and 83). 

Gerardia tenuifolia Vahl, - subsp. 
(Small) Pennell. This plant is apparently not a 
regular member of the association, for there appear 
to be no records of it except from localities cited by 
Pennell (1929, 1935); it is unknown except from 
the region centering about Stone Mountain. Its 
usual habitat is in shallow depressions where it is 
associated with Polygala curtissii, Crotonopsis ellip- 
tica, and Panicum spp. 


polyphylla 


LEN TIBULARIACEAE 


Utricularia juncea Vahl. A Coastal Plain species 
which oceurs sparingly in boggy depressions’ on the 








flat-rocks, from North Carolina to western Georgia. 
It oceurs at Sparta and Franklin, Georgia, and 
Oosting & Anderson (1939) report that in North 
Carolina it 
monticola. 


is sometimes associated with Lindernia 


RUBIACEAE 


Hedyotis caerulea (L.) Torr. & Gray (Houstonia 
caerulea L.).9 - A common species in moist fields and 
thickets, southern Canada southward. It is 
frequent on and near the flat-rocks, growing in small 
patehes in moist shallow soils about the margins of 
the outerops. It is somewhat less abundant on the 


from 


® Houstonia is a relatively small American group segregated 
from the large pan-tropical genus Hedyotis by most recent 
authors. The differences between the two genera appear to be 
largely traditional rather than morphological; the generic con- 
cept accepted in this paper is that advocated by Dr. F. R. 
Fosberg, who has studied this group in some detail. 


Rogers McVauGu 


Courtesy of the American Horticultural Society. 
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Fig. 34. A bird’s- 
eye view of a weather 
pit filled with flower- 
ing plants of Amphi- 
anthus pusillus (about 
natural size) ; the sub- 
mersed thread-like 
peduneles are plainly 
visible beneath the 
water. Franklin, Heard 
County, Georgia, 
Mareh 10, 1939. 


actual outerops than is H. crassifolia. H. crassifolia 
abounds on the rocks themselves in very shallow soil, 
where it is associated with Riceias, Arenaria brevi- 
folia, and Diamorpha cymosa. H. caerulea, on the 
other hand, is most often found in deeper soil in the 
slight shade or shelter provided by shrubs or rock- 
ledges. 

Hedyotis Raf. (Houstonia 
Schoepf). This is one of the ubiquitous spring- 
flowering species on the granites, often beginning to 
flower in Georgia in January. It is very different 
in aspect from H. caerulea, being much smaller in 
stature. The flowers are of a distinetive purple, 
with a reddish eye, and the plants are uniformly 
spaced rather than associated in clumps and patches. 
The individual plants are usually so numerous that 
they color entire areas of otherwise bare soil about 


crassifolia pusilla 








April, 1943 


Pea. 35: 
view of Hedyotis 
crassifolia, slightly 
less than natural size, 
at Blake’s’ Ferry, 
Randolph County, Ala- 
bama, March, 1939. 

Fig. 36. A portion 
of the surface of a 
weather pit, occupied 
by flowering plants of 
Diamorpha cymosa 
(slightly than 
natural size). Eaton- 
ton, Putnam County, 
Georgia, March, 1939. 


Habitat 


less 
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the edges of depressions in the rock surface. The 
only closely related species, except for H. caerulea, 
is Houstonia minima Beck, which ranges from Illi- 
nois to Kansas, Arkansas and Texas (Standley 1918). 

Hedyotis nuttalliana Fosberg (Houstonia 
folia Nutt.). Oceasionally associated with 
medium, Hypericum denticulatum, 


tenui- 
Linum 
and Commelina 
Known from 


erecta, in slight shade under junipers. 
the Blake’s Ferry flat-rock, McVaugh 5194. 

Diodia teres Walt. 
eastern states, and very abundant on most of the 
flat-rocks, where it is associated with Crotonopsis 
elliptica and Polygala curtissii. 


A common weed in the south- 


Courtesy of the Amerwan Hortwutturu ours. 


VALERIANACEAE 

Valerianella radiata (L.) Dufr. This species is 
yet another of those prolifie native plants that act 
as weeds in the Southeast and still are obviously 
quite indigenous on the flat-rocks. In spring it often 
makes a considerable display in areas which are 
otherwise more or less bare, but where a few. centi- 
meters of soil covers the roeks. 


CAMPANULACEAE 


Specularia perfoliata (L.) A.DC. Both this species 
and the next oceur on the flat-rocks, but S. perfoliata 
is perhaps the more abundant. In addition, it be- 
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haves more like a native species. S. biflora is often 
found in partially disturbed areas or where the min- 
eral soil of the granites is mixed with clay from 
surrounding fields. S. perfoliata, on the other hand, 
is a regular member of the group of species which 
includes Rumex hastatulus, Linaria canadensis, and 
Valerianella radiata, which oceur not only as immi- 
grants but as the usual oceupants of a definite 
habitat. 

Specularia biflora (R. & P.) F. & M. Both species 
of this genus which are native to our region are 
widely distributed in nature; the present species 
ranges from southern South America to California 


and eastward in southern United States. In the 
Southeast it usually appears as a weed. 
COMPOSITAE 
Liatris microcephala (Small) K. Schum. A strik- 


ingly beautiful species, its rich purple spikes con- 
spicuous on the flat-rocks in August and September. 
According to Alexander (in Small 1933) this species 
is identical with Laciniaria polyphylla Small, which 
was originally described from Stone Mountain. It 
is abundant in grassy mats in depressions at Echols’ 
Mill (McVaugh 5375), at Franklin (McVaugh 5174) 
and at Blake’s Ferry (MeVaugh 5201). So far as 
ean be determined: from herbarium specimens, the 
range of the species is from Cumberland County, 
Tennessee, south to the granites of Alabama and 
Georgia, thence northeastward to Lee County, North 
Carolina. 


Chondrophora virgata (Nutt.) Greene.- The range 
of this species is stated by Small (1933) to extend 
from Florida to Texas and Georgia, on the Coastal 
Plain and adjoining provinees. It is not regularly 
present on the flat-rocks, but oceurs in some abun- 
dance in grassy depressions at The Rocks near Con- 
yers. Its range also extends to the sandstones atop 
Lookout Mountain, in northeastern Alabama, in a 
habitat not unlike that which it oceupies on the 
granites. It is at home, also, on the flat sandstones 
of the Altamaha Grit (Pyron & McVaugh 3094). 

Aster avitus Alexander (Alexander 1939). The 
large genera Aster and Solidago are almost unrepre- 
sented among the indigenous flora of the flat-rocks, 
although they are common in the surrounding re- 
gions. No material of Aster avitus has been studied 
in the preparation of this paper, but its author con- 
siders it to be akin to A. surculosus Miehx. and A. 
gracilis Nutt. and cites specimens from the original 
locality (Stone Mountain), and from Liberty, Pick- 
ens County, South Carolina. 


Viguiera porteri (A. Gray) Blake. All the rel- 
atives of this restricted endemic oceur west and south 
of our area; V. porteri itself is wholly confined to 
the flat-rocks, where it occurs in shallow depressions. 
It is one of the early invaders of such depressions, 
the individual plants often oceurring in such numbers 
and in such proximity to each other as to exelude 
all less aggressive species, including even Crotonopsis 


Rocers McVauGH 
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elliptica and Polygala curtissii, with which it is 
ordinarily associated. The flowering period of Vi- 
guiera porteri is definitely autumnal, so that if one 
visits the flat-rocks in July or August he may find 
seareely a plant in flower. The vegetative growth 
of the species is such, however, as to be conspicuous, 
the masses of green plants a foot or so high econ- 
trasting sharply with the bare-rock surfaces on which 
they form little islands. Material is at hand from 
Heggie’s Rock, Greensboro, Loganville, Pendergrass, 
Stone Mountain and Mt. Arabia, Panola Mountain, 
and Coneord, and the species is reported from Ran- 
dolph County, Alabama, by Harper (1939). 

Helianthus longifolius Pursh. A rather loeal spe- 
cies of Georgia and Alabama, which is not a constant 
associate of the granite exposures. It oceurs in pro- 
fusion, however, in grassy depressions and vegetation- 
mats at the Blake’s Ferry outcrop (McVaugh 5202), 
associated with Liatris microcephala. 

Coreopsis grandiflora Hogg ex Sweet. This hand- 
some species is often cultivated and subsequently 
eseapes to yards, roadsides, and fields. It is, aecord- 
ingly, rather diffieult to define its original range. 
The evidence at hand, however, indicates that the 
plant is most certainly indigenous on the flat-rocks. 
It is invariably present on even the smallest ex- 
posures, persisting in spite of disturbances by man 
and other animals; it behaves in this respect like 
Nothoscordum bivalve. Plants of C. grandiflora 
occur in immense numbers on all the outerops, and 
seed-production is copious; in spite of this there is 
no such spread onto neighboring areas as one might 
expect of an aggressive weedy species. On the con- 
trary, it is ordinarily far more abundant on undis- 
turbed areas on the flat-rocks than elsewhere in the 
vieinity. The status of Coreopsis saxicola Alexander, 
which has previously been supposed to be endemic 
on these granitie outerops, is somewhat uncertain, 
but the species is probably insufficiently distinet from 
C. grandiflora. The characters relied upon by Alex- 
ander, namely the ciliation of the petiole and the 
“fimbriate” nature of the wings of the achenes, prove 
to be seareely reliable. Glabrous plants oceur among 
the normally ciliate ones and these have the usual 
entire achene-wings. Certain achenes have the wings 
erose or slit upon drying, but there appears to be no 
correlation between this character and any other. 

Senecio smallii Britton. A common species of dry 
hillsides and thickets, which is often associated with 
S. tomentosus in moist grassy areas on the flat-rocks. 

Senecio tomentosus Michx. Like Sedum pusillum, 
this species was discovered by Michaux at the flat- 
rock “above Camden” in Kershaw County, South 
Carolina. Its range extends from Florida to New 
Jersey and to Texas, oceupying chiefly the Coastal 
Plain. In the Piedmont it is rare except as it oceurs 
on the granite exposures, where it grows in large 
patches in moist grassy depressions; it oceurs in sim- 
ilar situations on the Altamaha Grit. It is a very 
characteristic plant of the flat-rocks, associated with 
all the principal outerops. 
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TABLE 2. The occurrences at 20 localities, from North 
Carolina to Alabama, of 26 species (excluding endemies) 
comprising the most characteristic element of the vegetation 
of the flat-rocks. 


It should be noted that distributions of the various 
species, as given in these tables, are not necessarily 
complete except insofar as they apply to the actual 















































































































early-flowering species, occurring on most of the flat- 
rocks, where it is associated with Hedyotis crassifolia 
and Arenaria brevifolia in the shallow soils about 
the margins of little “islands” in the rock surface. 

The above tables are based upon actual records, 
either of personal observation or of herbarium mate- 
rial. Most of the collections upon which this study 
is based are now in the herbarium of the University 
of Georgia; the collections made by Oosting and 
Anderson and their students, including Miss Hunt- 
ley, are in the herbarium of Duke University. The 
distribution of most of these species has been checked 
in the above herbaria, in the Gray Herbarium of 
Harvard University, in the herbarium of the New 
York Botanical Garden, the United States National 
Herbarium and the herbarium of the United States 
National Arboretum, through the kindness of those 
in charge of these institutions. 
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less important localities. Most of the flat-rocks with 
which this paper is concerned are mentioned and 
located either in Watson’s “Granites and Gneisses of 
Georgia” (1902) or in “Granites of the Southeastern 
Atlantie States,” by the same author (1910). Sup- 
plementary references to some of them may be found 
in the various reports published by the Soil Survey 
of the United States Department of Agriculture. 


ALABAMA 


The Blake’s Ferry flat-rock lies about five miles 
west of Wedowee, Randolph County, on the west 
side of the Tallapoosa River. It is located on the 
map accompanying the Soil Survey of Randolph 
County (Burke et al. 1912), as is a smaller outcrop 
near Almond. In addition to these outcrops in Ran- 
dolph County, there are said to be several small 
ones in the vicinity of Auburn, Lee County; F. S. 
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Earle and others have collected several of the char- 
acteristic species thereon. 


GEORGIA 


The Franklin flat-rock lies about 4 miles southwest 
of the town of Franklin, Heard County. Its margin 
is immediately behind the “arbor” in which extended 
revival meetings are annually held; it is therefore 
locally known to some as the “Camp Meeting rock.” 
In addition to the main outerop smaller ones are 
frequent along the road between Franklin and the 
Alabama line. 

An automobile road passes over one side of an 
outerop of about 50 aeres, at a point about 4 miles 
northwest of Coneord, Pike County. Although this 
is not one of the largest flat-rocks it is little disturbed 
and the vegetation is unusually fine. 

As shown on the map accompanying the Soil Sur- 
vey of DeKalb County (Long & Baldwin 1915), the 
principal areas of exposure in this county are at 
Stone Mountain, which lies just east of the town of 
the same name, at Rock Chapel, at Pine Mountain 
east of Lithonia, and at Arabia Mountain near the 
southeastern corner of the county. There are many 
small unnamed exposures in DeKalb County and ad- 
jacent Rockdale County, the two counties combined 
having an estimated total exposure of more than 
3,000 aeres (Long & Baldwin 1915, Meyer 1923) or 
probably at least a third of the total in the entire 
southeastern United States. The large dome-shaped 
exposure near Lithonia is known loeally as Pine 
Mountain, but on the topographic sheet (U. S. Geol. 
Surv. 1900) it appears as Little Stone Mountain. 
The name Little Stone Mountain, on the other hand, 
is sometimes applied locally to Panola Mountain, 
in Rockdale County. The early plant collections of 
Small -and others, from “Little Stone Mountain,” 
are from Lithonia. 

In Rockdale County the largest exposures are at 
Panola Mountain, a large dome-shaped mass lying in 
the extreme western end of the county, south of the 
Oemulgee River and approximately south of Arabia 
Mountain. There are also extensive exposures north 
of Conyers, many of them visible from the Convers- 
Loganville road; the largest of these comprises a 
flat-rock of some 75 aeres which appears on the 
topographie sheet (U. S. Geol. Surv. 1903) as “The 
Rocks.” The report of the Soil Survey should also 
be consulted for location of these areas (Mever 1923). 

As one passes eastward or northeastward from the 
region about Stone Mountain he leaves almost at 
onee what Watson has ealled the “Lithonia Area” 
(Watson 1902, map facing p. 88). There are no ex- 
tensive outerops between Conyers or Lawrenceville, 
and Athens. There are several small flat-rocks in the 
intervening area, however, which have been studied 
and seem to differ from the larger ones chiefly in 
size. One of these lies just east of the village of 


Loganville, in western Walton County, and another 
is in Jackson County, about two miles southwest of 
Pendergrass. 


Others, which have received less study, 
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oecur near Winder, Barrow County and in the same 
county at Park’s Mill north of Auburn; an interest- 
ing exposure along a stream may be seen where the 
road from Loganville to Conyers crosses Big Haynes 
Creek. Additional outerops are said to oceur near 
Grayson, Gwinnett County, and near Thompson’s 
Mill, in the northeastern corner of the same county. 
At Athens, Clarke County, the smooth granite sur- 
face is exposed in a considerable outerop within the 
city limits, along the Oconee River. Although Dia- 
morpha cymosa, Arenaria brevifolia and other spe- 
cies formerly flourished on this and nearby smaller 
outerops, the growth of the city has now destroyed 
most of the original features of the vegetation. 

One of the largest and most interesting outcrops 
in eastern Georgia lies near the Broad River, at 
Kehols’ Mill in northeastern Oglethorpe County; it 
is much dissected by ravines and the rock surfaces 
are exposed in several distinet areas. South of this, 
about 9 miles southeast of Greensboro, Greene 
County, lies the very large porphyritie granite area 
mentioned by Watson (1902, p. 183); this, as well 
as the large outcrop near the Oconee River Ferry, 
about 13 miles east of Eatonton, Putnam County, 
may be located by reference to the report of the Soil 
Survey (Long et al. 1922). Another very extensive 
exposure in Georgia is Heggie’s Rock, which lies 
about 8 miles by road east of Appling, Columbia 
County; it is loeated on the map published by the 
Soil Survey (Mooney & Taylor 1912). 

The other flat-rocks cited in Tables 1 and 2 are 
in Haneock and Warren counties; one series of ex- 
posures lies along the highway southeast of Sparta, 
ranging for about one mile from a point about 3 
miles from the town. A number of small exposures, 
probably including the one at which Bartram stopped 
in the 18th century, oceur in the vicinity of Camak; 
the best ones are at the “Cedar Rock” quarry east 
of the village, and in an area just north of the 
village. 

SOUTH CAROLINA 


Flat-roecks of considerable size occur in several of 
the Piedmont counties; references to these may be 
found in the work of Watson (1910). Botanieal 
studies have been made on a few of them, including 
the outerop visited by Michaux and Nuttall in early 
days. The road locally known as the “Old Flat Rock 
Road” passes directly across this outerop at a point 
about two and a half miles northwest of Westville, 
Kershaw County. 

Another exposure, the “Forty-Acre Rock,” which 
has been studied in detail by Miss Dorothy Huntley 
(1939), lies two miles west of Taxhaw and approxi- 
mately 6 miles north of Kershaw, in Laneaster 
County. This exposure, as well as the preceding 
one, were of interest to some of the early travelers 
other than botanists. Miss Huntley quotes from the 
account of one of these (Mills 1826): “We visited 
what is ealled the Great Flat Rock. . . It is so 
ealled (I suppose) to distinguish it from the Flat 
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Rock, on the road from Camden to Laneaster Court 
House.” 

A small flat-rock, on which grow several of the 
characteristic species, lies near Liberty, Pickens 
County; some collections have recently been made 
there by Dr. R. T. Clausen. 


NORTH CAROLINA 

The flat-rocks in this state have been studied by 
Oosting and Anderson. In their paper (1939) they 
outline briefly the region in which the exposures are 
localized. The most extensive outerops are in Wake 
and Franklin counties, near the Fall Line. Rock 
exposures occur over an area of approximately 5 
aeres at Mitchell’s Pond, about 20 miles northeast 
of Raleigh, in Wake County; in Franklin County is 
the so-called “flat-rock” some two miles southwest 
of Bunn, where roughly 15 acres are exposed. Be- 
tween Louisburg and Castalia, Franklin County, are 
several large areas including one of 10 or 20 aeres 
known as the “cedar rock”; in this same general re- 
gion are additional exposures comprising probably 
20 aeres in all. 

Near the city of Winston-Salem, in Forsyth 
County, are several small flat-rock exposures which 
have been known since the time of Schweinitz; it 
was doubtless from one of these that Schweinitz eol- 
lected the original material of Lindernia monticola, 
Cladonia caroliniana, and Lotus helleri. 


In Henderson County, near the Post Office of Flat 
Rock, there is an exposure of granitic rock eompris- 
ing approximately one acre. This is similar in aspect 
to the others studied, but the vegetation has been 
greatly altered by fire, road-building and grazing 
animals. None of the more localized flat-rock species, 
except Cyperus granitophilus, seems to oecur there. 


Diamorpha cymosa and other species have been 
collected at outerops near Salisbury, Rowan County, 
but some of the localities are known to have been 
destroyed by building operations, and the present ex- 
tent of the granite exposures is unknown. 
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THE HUNGARIAN PARTRIDGE 


Perdia perdia Linn. 


IN 


THE PALOUSE REGION, WASHINGTON 


INTRODUCTION 


This study of the Hungarian partridge (Perdix 
perdix Linn.) in the Palouse region was begun in 
February 1940, and continued up to, and ineluding, 
the fall of 1941, a period just short of two years. 
During the summer months in 1940 and 1941 the 
writer was employed by the Washington State De- 
partment of Game, and observations made during 
that time are incorporated herein. The research was 
initiated to uncover some of the problems contributing 
to the welfare of this game bird and to make possible 
recommendations for management in the Palouse 
region, an area in which little research has been done 
on this species. 

A 1,395-aere study plot was established north of 
Pullman in sections 28, 29, 32, and 33, T15N, R44E. 
Additional observations were made on two check 
plots of the State Game Department, one of them 
located between Malden and Rosalia, and the other 
west of Colton. 

Most of the field work was confined to Whitman 
County, containing 2,108 square miles, which is sit- 
uated in the southeast portion of the State of Wash- 
ington, but observations were made also in the Blue 
Mountains (Asotin County), and in Stevens County. 


THE PALousE REGION 


The term “Palouse country” or “Palouse hills” in 
general denotes the vast area embracing fully 25,000 
square miles of eastern Washington, eastern Oregon 
and western Idaho. Loeally the term applies chiefly 
to the land drained by the Palouse River; Whitman 
County encompasses the greater part of the “Palouse 
country” as thus restricted. 

It may be pointed out that Lewis and Clark ealled 
the Indians of this region “Palouse.” However, Rus- 
sell (1897) writes: 
“Palouse is derived from the French word 
‘pelouse’ meaning greensward, lawn, ete., and it is 
deseriptive of the region as it existed for many 
years after the coming of the white man.” 


Before the plowing of the Palouse region buneh- 
grass (Festuca sp. and Agropyron sp.) extended to 
the mountains of Idaho as a vast rolling prairie 
destitute of trees and shrubs. This area, along with 
the region of central Washington known as the “Big 
Bend” country, has been called the “Basaltie plateau” 
(Russell 1897). The uniformity of its surface has 
been broken by movement of the earth’s crust and by 


deposition of wind-blown soil accompanied by suffi- 
cient water erosion to keep drainage channels open. 

The plateau reaches its lowest elevation (386 feet) 
at Paseo and gently rises to the east until a general 
level of from 2,000 to 2,500 feet is reached. The Blue 
Mountains at the south edge of the plateau are essen- 
tially a low flat dome elevated about 2,000 feet above 
the level of the plateau. 

The Snake River crosses the plateau from east. to 
west in a deep, steep-walled canyon. From Lewiston 
the Snake River flows for 130 miles in this narrow 
trench, which averages 2,000 feet deep, to its junction 
with the Columbia River. 

The Palouse country (using the term in its limited 
sense), which is commonly ealled the “wheat belt,” 
has a rolling surface of broad, rounded, wave-like 
swells that usually rise 20 to 100 feet above the 
valleys or “draws.” A deep, dark loess is echaracter- 
istie of the area. 

Few, if any, rocks are seen in the soil except near 
outeroppings of the underlying basalt along streams 
or at the base of these rolling hills. Grit is therefore 
chiefly available along the streams and small washes. 


The Palouse River, the main drainage, rises in the 
mountains of Idaho and runs in a westerly direetion 
to the Snake River. The Palouse, like other tribu- 
taries of the Snake River, has eut deep into the 
basalt to form a narrow spectacular gorge near its 
mouth. Many tributaries of the Palouse itself are 
wholly dry during part of the summer, the water in 
some others runs a short distance only and never 
reaches the river. 

Pleistocene glaciation invaded the Palouse region 
from the north and greatly changed the surface as 
far south as its southern limit near Spangle. Sheets 
of water from the melting ice swept south along the 
western edge of the county to the mouth of the 
Palouse River. The water removed the soil and left 
barren areas, now known as the “Scablands,” where 
deep “coulees” were cut in the basalt. Many lakes 
and “potholes” remain in the glaciated and scabland 
areas. 

Semiarid forests of ponderosa pine (Pinus ponde- 
rosa) interspersed with a few Douglas fir (Pseudo- 
tsuga taxifolia) oeeur in the northern part of the 
county. Forested areas are also found on Kamiak 
Butte, along the Palouse River from Colfax to the 
Idaho line, and along several streams. 


The rolling prairies of Festuea-Agropyron and 
Agropyron-Poa have given way to the plow, except 
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for small patches along rights-of-way, drainage sys- finds a few sharp-tailed grouse (Pedioecetes phasia- 
tems, and basalt outeroppings.. Although there are  nellus columbianus ). 

considerable areas along the steep banks of the Snake The main farming area extends east from the 
River where native grasses still oceur, nevertheless “Seablands.” It is composed of rolling hills; small 
they are usually overgrazed by cattle and sheep, as_ streams, often bordered by cottonwoods, willows, 
well as generally contaminated with introduced spe- Crataegus, and rose cover, occur in the larger val- 
cies of which Bromus tectorum is the most prevalent. leys. Fence rows are often lined with Rosa and 
It is in these areas of native vegetation that one still snowberry (Symphoricarpos sp.). 
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Fig. 2. Typical rolling hills in the Palouse country. 
This picture was taken 4 miles west of Pullman. (Photo 
by R. L. Webster.) 





Fie. 3. 
hills. 


Typical scattered waste areas in the Palouse 
(Photo by R. L. Webster.) 


CLIMATE 


In the eastern portion of the state 70 percent of 
the rainfall oceurs between October 11 and Mareh 31. 
It tends to increase from the lower regions of the 
Snake River to the higher altitudes to the east and 
south, as well as from west to east, varying from 10 
inches on the west side to 25 inches on the east. The 
annual rainfall at Pullman over the period from 
1881-1930 was 20.73 inehes (U. S. D. A., Weather 
Bureau, 1936). The winters are cold and wet, and 
the summers hot and dry. 
perature reported for Pullman during the same 
period are 104° F. maximum and —18° F. minimum. 
Since then —21° F. minimum was recorded January 
20, 1937, at the Pullman weather station. 


Farm LAND AND CROPS 


Warm days accompanied by cool nights and the 
relatively dry summers” make the Palouse region a 
very excellent wheat country. Sorghums and corn 
are unsuccessful because of a short growing period 
(150-155 days) and cool nights. 

Whitman County consists of approximately 
1,386,880 acres of which 1,351,907 aeres-or 97.3 per- 
cent is in farms. The average size of the farms has 
increased from 495.5 aeres (1930) to 532.9 aeres 
(1940). 

The production of dry peas has become second 
only to wheat in the Palouse region of Washington 
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and Idaho (Rufener 1940). During the 5-year 
period, 1934-1938, this crop constituted over one half 
of the total production of dry peas in the United 
States. Growing of peas has replaced the practice 
of summer fallowing, especially on the east side 
where the rainfall is sufficient. In 1934 there were 
120,000 acres of peas harvested in the Palouse region. 

Tables 1 and 2 give the Whitman County census . 
figures for Agriculture as published by the U. S. 
Bureau of the Census. 


Stupy Piotr 


An area of 1,395 acres north of Pullman was se- 
lected for intensive study (Fig. 1). 
S% of Sections 28 and 29; N¥% of Sections 32 


and 33; and a tract of land consisting of 115 acres 
in the S% of Sections 32 and 33, TI5N, R45E. 


lin. Zin. 
T T 


4in, 
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T 


January ---- 
February---- 


September -- 
October —--- 
November --- 
December --- 





Precipitation — 1940 


January ---- 
February --- 


September -- 





Precipitation ~ 1941 


January ---- 
February --- 
March —---- 
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July ------- 
August ----- 
September -- 
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November --- 
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Average Precipitation over a Period 
of 49 Years (188! to 1930) 
Fie. 4. Precipitation charts 
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TABLE 1. Whitman County census figures—Agriculture. 

16th Census of U. S. 1940, Agriculture Washington, 
First and Second Series, U. 8. Dep’t of Commerce, 
Bureau of the Census. 





Year Acres Percent 
Approximate land area..... 1940 1,386,880 
Proportion in farms. . 1940 pains 97.5 
All land in farms........ 1930 1,303 ,748 
np nk BSI ee 1940 1,351,907 
Average size of farm. Galige 2 1930 495.5 
- “ye PT er Bae os Me te 1935 482.6 
Ps tea ane wach : 1940 532.9 
Number of farms............ 1930 2,631 
Ks = a i935 2,761 
gs w aes 1940 2,537 
Crop land harvested... ... 1939 931,145 
Crop failure... .. er eas BNE 1939 4,083 
Crop land idle of fallow. .... — 411,192 
ee INO io. hoa vias we 939 56,157 
MNES. 3.S wv daero be sad hens wos 41939 11,288 
Po 4939 338 ,041 
Land used for crops (harvested and 
MONI oa case cae nck diviesiae > 1939 535,229 
Irrigated crop land harvested......| |1939 1,153 





TABLE 2. Farm crops in Whitman County—1939. 





Percent of | Percent of 








Crops Acreages | Acresin Farms| Crop Land 
Winter Wheat.....| 291,602 14.15 | 20.25 
Spring Wheat... ... 66,704 4.86 6.95 
Peas. | 50,437 } 3.72 5.33 
Barley. .......2+ ++] 33,166 | 2.44 3.50 
Cane. EAS 29,972 | 2.20 } 3.16 
eS 6,505 | 0.48 0.69 
Mixed Grains... ..| 253 0.02 0.03 
Cee as 212 0.015 0.02 
All Hay... 44,352 | 3.28 4.69 
Alfalfa 22,825 | 1.69 | 2.40 





This plot was chosen because of its accessibility 
and the fact that it supported a high concentration 
of partridges. It is typical of Pullman and sur- 
rounding territory. Small timber cultures, planted 
as required by homestead laws, may still be found 
in the Palouse region; one such timber culture of 13 
acres forms a small part of the study plot. A small 
stream crosses the area from north to south. Its 
valley consists of pastureland and other permanent 
cover types, whereas the area in general is exten- 
sively cultivated. A summary of the various cover 
types is shown in Table 4. 

Eighty-three percent of the area is agricultural 
land and farmed with large tractor-drawn machinery ; 
but 12 percent of the total area can be classified as 
native or permanent cover. 

In addition to this plot, the writer spent eonsid- 
erable time making observations on the two plots 
of the State Game Research Station. Plot number 
one is located in the northern part of Whitman 
County between the town of Rosalia and Malden; 
it ineludes sections 17, 18, 19, and 20, T20N, R43E. 
Plot number two forms a block near Colton of see- 
tions 12 and 13, T13N, R44E, and sections 7 and 18, 
TI3N, R45E (Fig. 5). 
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TABLE 3. Key to map of study plot. 





Crop OR VEGETA1ION 





Key Number! Number 


ot Field Acres 1940 1941 
ERO See 230.5 Winter wheat.....| Peas 
A2. 7.2 Fallow...........}| Fallow 
Dies. o:nieteh, We 13.4 Pasture..........| Pasture 
Bl.. 21.1 | Alfalfa...........| Alfalfa 
B2. 6.6 Pasture..........| Pasture 
B3.. 1.9 Bunchgrass.......| Bunchgrass 
Ca. 8.5 MR Seco aXe Wheat 
C2.. 9.3 Pasture..........| Pasture 
Ce; 9.0 Wheat...........) 5A peas, 4A wheat 
Cie tices 1.3 | Fallow...........| Alfalfa 
Pe aya Who ate: 023 57.5 re i ol 32.5A wheat, 25A peas 
RS 10.0 Summer wheat....| Peas 
C7 38.8 MD ss ce cece Peas 
23.9 Alfalfa . Alfalfa 
D2.. 13.6 Basie. oc. .......| Fee 
D3.. 15.5 Alfalfa...........| Peas 
ee: 2.1 Alfalfa and weeds .| Peas 
pat araarore 6.2 | Barley...........| Peas 
D6. 50.5 MR ie es bcc ea ws Peas 
D7. 5.5 | ee Pasture 
Ds.. 8.0 Pasture... Pasture 
eee ee 7.6 Paste... 5. Pasture 
D10 3.8 | Pasture..........| Pasture 
Dil 18.5 Wheat...........| Peas 
El 63.7 Wheat...........} Peas 
E2. 7.5 | Alfalfa...........| Alfalfa 
| Ror 15.0 | Peas........ Wheat 
ye eee 4.7 | Fallow...........| Wheat 
Gs aoasices 20.5 | Fallow...........| Wheat 
E6.. 25.8 Alfalfa . .| Alfalfa 
eae 5.8 | Fallow...........| Peas 
BS si Gxt ice oi 13.1 | Timber culture....| Timber culture 
E9.. 50.0 | Peas.............| Wheat 
es Soe, 30.5 | Wheat...........] Peas 
SEA Pre 8.5 | Alfalfa...........} Alfalfa 
E12 5.9 Alfalfa...........| Alfalfa 
E13 10.0 | Wheat...........| Peas 
El4 21.0 RM so vcs 59'sa.<0.c a 
Fl.. 2B. -}- Dees... ...- ssf eee 
F2. 1.0 | Peas.............| Peas 
., SPR 70.6 | Wheat...........| Peas 
G2.........| 84.0 | Fallow...........| Wheat 
H1 | 3O | Com...........:| Peas 
H2. 14.4 | Wheat...........| Peas 
H3. 3.3 | Pasture..........| Pasture 
Il. 3- } tee - Wheat 
Ji. 3.3: |} Peete, <.05..5. .| Pasture 
Kl. 5.5 | Alfalfa....... .| Alfalfa 
Ll 7.0 | Alfalfa....... | Alfalfa 
Ml 8.3 | Fallow...........| Pasture 
Nl. 1.0 i ee .| Garden 
N2 5 Oats.............| Garden 
N3. 2.5 | Alfalfa...........| Alfalfa 
Ol. 8.2 | Oats and barley...| Oats and barley 
, SBE 2.0 | Summer wheat....} Pasture 
P2.. 2.5 Pasture..........| Pasture 
P3.. 4.5 | Alfalfa...........| Alfalfa 


The cover types on the three plots are typical for 
the respective sections of the county (Table 5). 


CHARACTERISTICS OF THE HUNGARIAN 
PARTRIDGE 


SyYsTeEMATIC POSITION 


The Hungarian partridge belongs to the genus 
Perdix, one of about 140 species of Old-World par- 
tridges and quails. It is elassed in the subfamily 
Perdicinae which is distinguished from the subfamily 
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TABLE 4. Summary of cover types on the study plot. 





Cover Types Number of Acres Percent of Total 





















































1940 | 194 | 1940 | 1941 
Winter Wheat.......| 536.5 | 228.8 | 38.4 | 16.3 
Spring Wheat....... 12 0 } 9 | fos 
OE eee mae 789.5 22.2 | 56.4 
Piss sa Rave eee’ 19.8 0 | 1.4 
TIS: oat tain a bien ot ea 8.7 8.7 6 6 
Summer Fallow ee 131.8 | eo 9.4 5 
UR SS oe 11 j 0 | -8 ~ 
ER As See 127.6 112.1 | 9.1 8.5 
MR talc os. tess ¢.9 | 7.9 5 5 
Short Grass....... 50.2 | 50.2 3.6 3.6 
ae ae ae 56.6 | 66.9 4.1 4.8 
Siaktoen.........  8hd- {88s 2.3 2.3 
Tree type......... 25 | 25 ef es 
Lots Seakenienn) dla 33.6 | 33.6 2.4 2.4 
Highway and R. R 34.3 34.3 2.5 2.5 
Totals......} 1395.5 1395.5 100.0 100.0 
TABLE 5. Cover types in Whitman County, 1940 and 
1941. 
| 
Pullman | Colton | Rosalia 
Cover Types Plot Plot* } Plot* 
| Per-| | Per-| | Per- 
Crop Land Acres | cent | Acres | cent | Acres | cent 
Grain land...........|1,032.5) 74.0)1,872. 4|73.14/1,540.6/60.18 
Hay land............| 118.8} 8.5] 276.2|10.79| 66.6| 2.59 
Garden............. 7.4) 0.5) 8.9) -35| 7.6) 0.30 
Total Agr. land... ...|1,158.7} 83. 02, 157. 5|86.28|1,614. 8163.07 
Native or Perm. Cover } 
Grasslands & pasture 111.0) 7.9) 109.1) 4.26 356. 813.94 
Brush & weeds.......| 33.3) 2.3) 192.0) 7.50) 312.5)12.21 
2 ke, eek a 8) 23.5} .92) 153.5] 6.00 
| aes bere SECT 
Total Native Cover.....| 167.3 we: 324.6|12. 68 822. 8|32. 15 
ae 67.9) 5.0) 77.9| 3.04) 122.4) 4.78 





¥ 
re |2,560.0/100% 
a 


*Data taken from Knott & Ball (1941). 





| 

| | 

1,393 ——_ |2,560.0) 100% 
| t 





Odontophorinae (American quails of some 60 species) 
on the basis of a toothed mandible (Chapman 1937). 
Both are in the family Perdicidae (partridges and 
quails). Perdix perdix (Linnaeus) is known by 
number of names throughout the United States. The 
correct common name as listed by the American 
Ornithologists’ Union’s Cheek-list of North American 
Birds (1931) is Hungarian partridge. 


Sex Ratio 


Because of inability to determine accurately the 
sex of the Hungarian partridge in the field, ratio 
data had to be gathered from birds shot or found 


dead. At a checking station during the 1940 hunting 
season, 114 birds killed by hunters were checked; 


fifty-eight were males and fifty-six females. Twenty- 
three other birds have been sexed during the study; 
ten of these were males and thirteen females. One 
hundred and thirty-seven birds in all were sexed; 
sixty-eight of these were males and sixty-nine fe- 
males. Field observations correlated with accurate 
sex determinations indieate that the sex ratio ap- 
proaches a 50:50 ratio. 
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The Hungarian partridge is monogamous. An odd 
number of birds is seldom seen together after the 
birds have paired. Single birds, when seen during 
the spring months, often are near a mortality, which 
indicates that it represents one of a pair. 


WEIGHTS 


Most of the data on weights were obtained by the - 
author at a checking station during the 1940 hunting 
season. Ninety-eight birds were weighed and sexed 
as the hunters checked out. Thirteen birds, which had 
been collected for food studies, were also weighed. 
In all, the weights of 111 healthy birds were obtained 
during this study. 

The males averaged heavier than the females in 
all cases except one. Forty-two adult birds were 
weighed, of which 23 were males and 19 females. 
The males averaged 386 grams (13.61 ounces) and 
the females 367 grams (12.8 ounees), a difference of 
19 grams. The three males weighed during the sum- 
mer averaged less than the four females. This is 
accounted for by a small male (weighing 306.4 
grams) being included. This bird probably had been 
sick or injured sometime previously, although he was 
healthy at the time when killed. A summary of all 
weights is given in Table 6 

TABLE 6. Summary of weights of the Hungarian par- 
tridge in grams in the Palouse region. 












































MALES FEMALES 
Adults Juveniles Adults Juveniles 
No. | Ave.| No. | Ave.| No. | Ave.| No. Ave. 
Birds} Wt. |Birds| Wt. |Birds| Wt. |Birds} Wt 
RS cin ev wis 3 |382 ae mas 3 |368 
Sammer..........) 3 (OG ee 
i rer ee te 376 12 |372 34 367 
Total Number....| 23 |386 35 | 376 | 19 |367 34 | 367 
— | 
Ave. Weight of all | 
Males and Females} 58 |380 53 |367 | 
| | | 














Yeatter (1934) weighed 46 adult partridges col- 
lected in Michigan and found the average weight of 
these birds was 13.4 ounces. The average weight of 
12 adult females was 374.6 grams (13.2 ounces) 
while that of 34 males was 381.8 grams (13.5 ounces). 
The total length of adults averaged 12.5 inches. 

Oldys (1909) compares the size of the Hungarian 
partridge with the bobwhite and the ruffed grouse 
(Table 7). 


TABLE 7. Comparison of weights and size. 





| 


Length, in. Extent, in. Weight, oz 








| 
Bobwhite... .. 10 - 10.3 14.5 - 15 5.5 - 6.5 
Gray Partridge . 12 - 14 18 - 23 12 - 13 
Ruffed Grouse 16 - - 18 23 30 - 40 





The maximum and minimum weights reeorded dur- 
ing the study are shown in Table 8. The largest 
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TaBLE 8. Maximum and minimum weights in grams _ bird collected was an immature female which weighed 


of Hungarian partridge in the Palouse region. 





Maximum WEIGHTS 


Minimum WEIGHTS 





Date Sex | Weight 
Spring and Summer * 
Apr. 10 | Male......... | 393.5 
Apr. 11 Female.......| 384.0 
Fall | } 
Nov. 11 | Adult Male. ..| 419.0 
Oct. 21 | Immature 
Boy ee 403.0 
Oct. 26 | Adult Female.| 407.0 
Nov. 11 Immature 
| Female.....| 431.0 
| 














Date | Sex Weight 
Aug. 26 | Male .| 306.4 
Sept. 8 | Female....... | 357.0 
Oct. 26 | Adult Male...| 360.0 
Nov. 11 | Immature 

ee 336.0 
Sept. 24 | Adult Female ..| 320.0 
Oct. 23 | Immature | 


| Female.....| 315.0 








15.15 ounees. It was shot about 5 miles northeast 
of Pullman in the Whelan area. 


Sex DIFFERENTIATION IN PLUMAGE 


Differentiating between the sexes in the field is 
next to impossible for the beginner. Superficially, 
the plumage of the sexes is similar; obvious differ- 
ences, however, are seen upon close examination. 

Yeatter (1934) writes: 


“The more obvious field marks of the Hungarian 
Partridge are as follows: The back is brown, 
marked with black, buff and gray. The sides, 
cheeks, and throat are gray. A series of diagonal 
chestnut-colored bands starts under the wings and 
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extends downward and backward on the sides and 
flanks to the belly region. The outer tail feathers 
are reddish brown. These form a conspicuous 
mark when the birds are flushed at close range. 
A chestnut ereseent or ‘horseshoe’ found on the 
lower breast in many of the birds is partially asso- 
ciated with sex... .” 


Usually males can be distinguished from females 
by the larger and better developed chestnut “horse- 
shoe” on the lower breast. This is a poor character, 
however, because, as stated by Portal & Collinge 
(1932), hens sometimes develop perfect horseshoes. 
A pronounced difference in markings is that of the 
lesser and median wing coverts and seapulars, the 
so-ealled shoulder feathers. The adult male has a 
single longitudinal buff stripe extending from the 
distal end of the above feathers along the rhachis 
toward the calmus. The female differs in having 
cross-bars running out from the central longitudinal 
stripe. Ogilvie Grant first pointed out this character 
in “The Field” for November 31, 1891 (Portal & 
Collinge 1932). 

Portal & Collinge point out other differences : 


“In the cock the crown of the head is dark 
brown with small pale shaft stripes, whilst in the 
hen the shaft stripes are much larger and round 
at the tip instead of pointed as in the cock. The 
hen generally has more grey in the head and 
cheeks than the cock. 

“From November onwards if one parts the 
feathers just below the eye one finds a row of 
little scarlet warts in the cocks, also a small patch 
of searlet skin behind the eye; these are visible 
from January to the breeding season without 
parting the feathers when the bird is held in the 
hand.” 


Their reddish tail identifies them from native 
grouse and quail found in this region. The males 
ean be distinguished in the field, especially during 
the spring and early summer, by their upright pos- 
ture and by their aggressiveness which is in contrast 
to the timidness of the female. 


AGE DISTINCTION 


The characteristics mentioned by Portal & Col- 
linge (1932) proved very useful in distinguishing 
the immature birds from adults: 


“. . . Early in the season the legs of the young 


birds have a distinct yellow tinge, while those of 
the old birds are grey, but by the Ictter part of 
October this distinction wears off.” 


The above characteristies, along with others, were 
used to distinguish the young birds during the 1940 
hunting season which terminated November 11. The 
most reliable method of telling young from adults is 
by observing the two outer feathers of the wing; 
the outer two primaries are pointed in the young and 
rounded in the adults. But, according to Portal & 
Collinge (1932), 


“ 


. . . the young birds retain their feathers up 
to the second autumn, and in rare eases until the 


THE HUNGARIAN PARTRIDGE 


175 


end of that year, but in-these instances the feath- 
ers have a very worn appearance, bleached to a 
brownish-yellow color, while those of the young 
of the year are fresh looking with almost a pale 
lilae-grey tinge.” 


FLIGHT 


Hungarian partridges are swift flyers, usually 
bursting from cover or summer fallow in a compact ° 
covey. The coveys may or may not utter a series of 
short rapid calls “ehrrt, chrrt.” The strong wing 
beats are audible as they rise abruptly 10 to 30 feet 
before they begin to glide. After the first burst of 
speed, the flight consists of alternate glides ui.d short 
rapid wing beats. Tests made by Yeatter (1{34) to 
determine the speed of flight indicated that the rate 
varied from 30 to 36 miles an hour during unhurried 
flights. 

Usually the birds fly rather close to the surface of 
the land, oftentimes just skimming the top of a 
ridge. The author has observed partridges flying at 
a height of a hundred feet or more as they cross 
coulees in the Seabland region, but flights at this 
height are probably exceptional. 

Direction of flight, as a rule, is in a straight line 
over the nearest knoll or hill. The covey will usually 
diverge to the right or the left before alighting. 
Generally the birds diverge from the direct line of 
flight after they have passed out of sight over the 
knoll or hill. Intentionally, or unintentionally, this 
characteristie affords the birds considerable protec- 
tion from the hunter since one seldom knows the 
exact spot where the birds have alighted. 

The huns differ considerably in the manner of 
their flushing from the bobwhite (Colinus virgin- 
ianus virginianus) and the western quails in that they 
usually continue to arise in coveys after being flushed 
onee or twice. Quails, on the other hand, tend to 
spread out and flush singly after the first flight. This 
general tendency of the huns to remain in a covey 
makes them harder to hunt. 

The distanee of the hun’s flight varies according 
to the distance to the nearest knoll, ridge, or hili 
where the birds may swing out of sight. Seldom do 
they fly for more than a quarter of a mile; the usual 
flight is from 60 to 80 rods. 

Two instances only have been marked in which 
the birds flew as far as one-half mile. One instance 
was a “foreed flight” by ten birds which were flushed 
during the censusing of the study plot. The birds 
flew across a valley and over the crest of a hill as 
if to alight, only to find that people were there. 
They then continued the flight across another valley 
and over the next hill. The other reeord flight was 
made by a covey flushed from a patch of stubble 
situated in the middle of a large valley. The birds 
flew from this point over the erest of a large hill 
one half mile away. 

Yeatter (1934) observed a flock that voluntarily 
flew three fourths of a mile without alighting, and 
reported several other coveys that made flights of a 
half mile on several oceasions. 
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FLUSHING DISTANCES 


Varying degrees of wariness oceur among Hungarian 
partridges, depending upon the time of year and the 
type of cover from which they are flushed. 

The average distance at which the birds flushed 
during the spring months measured approximately 
62 feet in 1940 and 63 feet in 1941. Some pairs 
would allow the observer to approach within six 
feet before bursting into the air; yet others would 
flush as far as 400 feet from the observer. Those 
flushed at close distances were usually in alfalfa or 
brushy draws; those flushed at the maximum distance 
were in open areas. Some pairs have been noted to 
flush from an area after the observer had passed 
within a few feet of them. This oecurs rather fre- 
quently during the prenesting season. If the ob- 
server continues to walk, a pair will sometimes 
permit him to pass very close without flushing. As 
soon as he stops for a moment, however, the birds 
get nervous and fly. 

Throughout the summer months the broods permit 
an observer to approach close before flying, but the 
birds become more wary as they become older. 
Throughout September (preceding the hunting sea- 
son) the coveys permit an approach to within 36 to 
50 feet before flying, but as the hunting season 
progresses, the birds become rather wild and flush 
from 75 to 200 feet ahead of the hunters. In some 
eases the birds will fly from plowed or other bare 
areas at distances of one eighth or one fourth of a 
mile from the observer, which renders it difficult for 
the hunter to kill his limit (5 birds in 1941). 

During the winter months that follow the hunting 
season, the birds become rather tame again. Through- 
out January the author was able to approach within 
an average of 30 feet of the birds. 


CruistnG Rapivus 


Yeatter (1934) found in his winter observations 
that 20 percent of the coveys had a eruising radius 
(the distance between points at which the same covey 
may be found) of not more than one eighth of a mile; 
50 pereent averaged a distance of about one fifth of 
a mile, and about 25 percent had a eruising radius 
of one half mile. 


The author was unable to carry on concerted 
studies on the movements of huns owing to the gen- 
eral snowless winters that prevailed during the 
study. Some observations, however, were made as 
conditions permitted. Seventy-five percent of the 
winter coveys were estimated to move less than one 
fourth of a mile, and very few were noted to have 
a cruising radius of one half mile. 

It was fortunate that a female Hungarian par- 
tridge with a noticeable malformed tail lived on the 
area. She was first observed during the spring 


studies in 1940 along a Rosa, Symphoricarpos, and 
Prunus fence row west of the timber culture (Fig. 1) 
and was kept under observation throughout the study. 
mate, 


She nested there and, with her Was seen 
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throughout the summer along the three eighths mile 
of fenee. She and her brood moved west toward the 
creek valley for the winter. Many times during the 
winter the covey was flushed in this area. The birds 
fed on a small patch of wheat which was left stand- 
ing in the southwest corner of Fetterstone’s land, 
and when flushed, they would fly to the bunchgrass 
cover at the north end of Brabyn’s alfalfa. With 
the coming of spring the hen returned to the fence 
row where she apparently nested again. The eruis- 
ing radius for the entire year was seven eighths of 
a mile. 
CALLS 


The eall of the male is a common evening and 
morning sound throughout the Palouse region, espe- 
cially during the spring months that precede the 
nesting season. Yeatter (1934) described the “erow” 
of the male as a hoarse “kee-c-eah” resembling the 
eall of a guinea fowl. Haugen (unpublished) refers 
to this frequent eall as a high-pitched rolling sound 
similar to “echr-r-it.” Frequently, successive  ealls 


are uttered which sound similar to “chr-r-rt chit 
chit.” Spiker (1929) described this call as sounding 


like “keeuck.” 

Although they may remain silent as they are 
flushed, coveys often utter a series of cackling 
“keeps” (Yeatter 1934) or a “confusion chorus” con- 
sisting of a jumbled series of “chrts” (Haugen un- 
published). A low “echrrr” “chrrr” sound is often 
heard during the evenings as the birds are settling 
down for the night. During the prenesting season 
the cock nearly always “cackles” when flushed with 
his mate. 

When lost from the covey, young birds peep very 
much like a domestie chick. Another call given by 
young lost partridges when a few days old is a 
sharp “chee-tak” (Yeatter 1934). Old birds with 
young are often heard making a “tutt, tutt, tutt” 
sound accompanied by a constant flitting of the tail 
feathers. The flitting of the tail by the female while 
feeding has been observed frequently during the 
preineubating period. 


SEASONAL RANGES 


After the grains are harvested in the Palouse re- 
gion the broods coneentrate along brushy fence rows, 
pastures, and draws for protection and for escape 
from hot weather and predators. They often gather, 
when possible, in the vicinity of draws having avail- 
able water, preferably draws adjacent to open fields 
(Figs. 6 and 7). Brushy fenee rows and other pro- 
tected places where the birds are relatively safe 
from hawks and other predators are used extensivelv 
as resting and dusting sites. 

With the arrival of the hunting season, partridges 
resort to relatively open country, such as sparsely 
covered fence rows and plowed fields. Crouse (1940) 
found that they do not concentrate in game refuges 
as do the pheasants; instead they depend upon fast 
flight and open fields for protection. Coveys have 
been noted to alight far out in plowed land and 
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Fic. 6. Typical cover along Union Flat Creek. In 
the background are brush draws which are utilized by 
partridges. (Photo by R. L. Webster.) 





Fie. 7. 
along Union Flat Creek. Small, brushy draws (bordered 
by fields) such as in the background make ideal areas 
for partridges. (Photo by R. L. Webster.) 


Excellent cover for Hungarian partridges 


remain there until hunting hours were over for the 
day. 

Winter range is similar to the fall range, but huns 
utilize bunehgrass, waste land, pastures, and edges of 
brushy areas along the valleys more at this time of 
year than at others. A small patch of cornstalks on 
the study area was also used as food and resting 
places. Patches of cornstalks are unusual in the 
Palouse region. Few birds are found far back from 
the main draws except where favorable cover per- 
sists along fence rows or waste areas. Roosting sites 
are numerous in bunehgrass and weedy draws where 
the cover is not very thick. 

Soon after the birds pair, they begin to disperse 
from the valleys and draws to more open country. 
Agropyron spicatum is much used as cover at this 
time of year. By April, alfalfa has grown sufficiently 
to be excellent cover and is utilized rather extensively 
by the huns. By April 19, 1941, alfalfa had grown 
5 to 7 inches tall and many pairs were noted in such 
fields. The fact that such early desirable cover is 
afforded in these fields may aceount for the high 
percentage of nests in alfalfa fields in the Palouse 
region. Concentrations in alfalfa were noticeably 
higher nearest the hun winter ranges. 

After the eggs have hatched, the adults and their 
broods feed and loiter along the edges of grain fields; 
summer fallow fields are used frequently for dusting. 
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During the hottest part of the day, broods usually 
seek shade under brush, such as Crataegus, Prunus, 
Rosa, ete. 


IMPORTATIONS INTO THE UNITED STATES 
AND CANADA 


The dates of the early introductions of the Hun- 
garian partridge into the United States are shrouded 
in mystery and confusion beeause of incomplete rec- 
ords and to the use of many different common names. 
The first introduction of the species, however, appears 
to have been by Richard Bache, during the latter part 
of the eighteenth century (Oldys 1909). Large num- 
bers of grey partridge (Hungarian partridge?) were 
liberated on his place along the Delaware River, near 
the present town of Beverly, New Jersey. These re- 
leases, as well as subsequent attempts throughout the 
east coast, failed. The second attempt to establish 
this species in the United States seems to have been 
made in California in 1877 (Phillips 1928). In 1899, 
24 birds were placed on a private preserve at Lynn- 
haven, Princess Ann County, Virginia. By 1906 about 
180 birds had been imported from Europe (Oldys 
1909). Importations increased until the war. In the 
peak years of 1911 and 1914 over 36,000 birds were 
imported each year (Yeatter 1934). Importations 
were almost absent from 1916 to 1924 because of the 
war, but they were increased after 1924. 

Cottam, Nelson & Saylor (1940) report that ree- 
ords of the United States Fish and Wildlife Service 
state that more than 150,000 huns have been liberated 
in the United States. According to the above souree, 
in other published records, as many as 270,000 huns 
are said to have been released in the United States. 
Sixty-four game breeders were handling Hungarian 
partridge in 1939 according to a questionnaire sent 
out by these authors. 

Table 9 summarizes the available data the author 
was able to secure in regard to first liberations and 
importations of the Hungarian partridge into the 
United States and Canada. 

Dates of liberations in many states appear to be 
lacking or unavailable. As reported by Oldys (1909) 
however, the states of Connecticut, Delaware, and 
Nebraska were experimenting with acclimatization of 
the hun as early as 1909. 


LIBERATIONS IN THE WESTERN UNITED STATES 


California, where the Hungarian partridge was 
liberated in 1877 (Oldys 1928), is credited with being 
the first western state to introduce it. Washington 
State followed California. James Freckleton (un- 
published) states that according to Sam F. Rathbun 
the partridge was first introduced in eastern Wash- 
ington “about 1897.” The next authentic record was 
1906. 

From 1907 to 1912 (Holland 1922) California 
purchased over 3,500 birds, one thousand of which 
were kept for propagation on game farms. No birds 
were raised from the game farm stock and those 
released throughout the state failed. 
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TABLE 9. First liberations and importations of Hun- 
garian partridges into the United States and Canada. 
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Dates of No. of 
Locations First Plantings} Birds Authority 
UNITED STATES Latter 
Beverly, New Jersey........| 18th Century ? | Oldys 1909 
reer Peer ey i ? | Phillips 1928 
Washington...............| 1897 ? | Freckleton 
(unpubl. ) 
Lynnhaven, Virginia........| 1899 24 | Oldys 1909 
Spokane, Washington.......| 1906 500 | Phillips 1928 
Willamette Valley, Oregon...| 1900 97 | Oldys 1909 
Hiltonhand Island, South 
Carolina............-..| 1004 192 | Oldys 1909 
Preserves, Massachusetts....| 1905 20 | Oldys 1909 
Preserves, North Carolina. ..| 1905 91 | Oldys 1909 
Preserves, New York.......| 1906 ? | Oldys 1909 
Preserves, Pennsylvania. ....| 1906 ? | Oldys 1909 
Preserves, Mississippi.......| 1906 ? | Oldys 1909 
TS ER Nee 1,000 | Oldys 1909 
, Er fC 200 | Oldys 1909 
pT er te kd 248 | Holland 1922 
California . . eee Ss 200 | Oldys 1909 
Waukesha County, Wisconsin) 1908 ? | Leopold 1940 
EE Spee 10,000 | Holland 1922 
EEE ERE Te 8 ,000 | Holland 1922 
Saginaw Valley, Michigan. ..| 1911 200 | Yeatter 1934 
ONS ikon viento ccwetsddase ae 24 | Spiker 1929 
ee | 1,314 | Freckleton 
(unpubl.) 
eee 1,600 | Holland 1922 
Idaho. Soden accdudeveh aoe ? | Holland 1922 
North Dakota.............| 1915 40 | Hammond 
1941 
CANADA | 
Fraser Valley, B. C.........| 1904 57 | Oldys 1909 
Vancouver Island........... | 1904 ? | Freckleton 
| (unpubl.) 
Madpore, Alberta..........| 1907 ? | Freckleton 
(unpubl.) 
Calgary, Alberta...........| 1908 140 | Phillips 1928 
REE ETE 80 | Phillips 1928 
New Brunswick........... | 1926 14 | Tufts 1927 
Nova Scotia...............| 1926 100 | Willis 1927 
Prince Edward Island.......| 1927 24 | Tufts 1939 
| | 








Oregon (Palmer & Oldys 1915) was issued a per- 
mit for entry of three hundred partridge in Decem- 
ber 1900. Many died in transit and only 97 birds 
were actually liberated. These were divided into four 
different lots and released separately along the Wil- 
lamette Valley. There was a successful hatch the 
first year and the population continued to multiply. 
Others were liberated during December 1913 and 
February 1914. 


Freckleton (unpublished) states: 


“The credit of establishing the partridge in Or- 
egon, says Gene Simpson, Superintendent of Oregon 
State Game Farms, should be given to William 
L. Finley, naturalist and former member of the 
Oregon State Game Commission. During Decem- 
ber 1913, and February 1914, two shipments, 
totalling 1,314 birds, were received and released 
in different parts of the State, In certain sections 
the birds thrived, in others it is uncertain what 
became of them. First attempts at artificial 
propagation were made at the Pendleton Game 
Farm in 1925, when the results attained seemed 
to warrant continuation of the experiment.” 
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Holland (1922) states that the above releases, 
which were made all over the state, proved a success 
in but two or three localities. They became firmly 
established in the high plateau section of eastern 
Oregon where grain is raised extensively, but few 
coveys remained in the Willamette Valley of western 
Oregon. 

Several thousand Hungarian partridge were im- 
ported by the State Game Department of Montana 
and Idaho during the spring of 1922 (Holland 
1922), but many birds had already spread into these 
two states. Those spreading into Idaho came from 
Washington, and the ones migrating into Montana 
eame from the releases established at Calgary, Al- 
berta, in 1908 (Phillips 1928). Several diserepancies 
oceur in the literature as to the number of birds 
liberated in Montana. In “The California Fish and 
Game” (1923), it is reported that 1,080 huns were 
imported by Montana for distribution during the 
spring of 1922 because enthusiasm was aroused by 
the migration of partridges into the northern part 
of the state from Alberta. 


LIBERATIONS IN THE STATE OF WASHINGTON 


As previously mentioned, Washington was the 
second state in the West to introduce the hun (1897). 
This first attempt to establish the bird probably 
failed. The next liberations which have been recorded 
were made during the year of 1906. Phillips (1928) 
reports the release of about 250 pairs in Spokane 
County. Taylor (1923) states that in 1906 Al Weis- 
mann of Spokane helped raise a popular subseription 
in Spokane County to seeure a few pairs of Hun- 
garian partridges from dealers in Yardley, Pennsyl- 
vania. According to Holland (1922) these liberations 
were unsuccessful, but the efforts made a few years 
later were so successful that Vancouver, Washington, 
sportsmen planted three hundred pairs in 1915 with 
remarkable results. Three hundred pairs of birds 
were also liberated at different points in Spokane 
County. From the latter releases, the birds increased 
rapidly and spread into Idaho on the east, Stevens 
and Pend Oreille counties on the north, Lineoln and 
Ferry counties on the west, and Adams and Whit- 
man counties on the south. 


Freckleton (unpublished) writes: 


“. .. In February 1914, 15 pairs were liberated 
in Garfield County, and these were followed by 22 
additional pairs in April of the same year. The 
entire cost, including distribution was $375.00. 
Lineoln, Okanogan, Spokane, and Walla Walla 
counties planted some of the birds about the same 
time. ... 

“.. . From the 37 pairs originally liberated in 
Garfield County there has been a drift into Asotin, 
Columbia, and Whitman counties in Washington, 
Latah, Idaho, Lewis, and Nez Perce counties and 
the Sweetwater Valley in Idaho, and Wallowa 
County in Oregon. The drift, however, has been 
gradual, each year witnessing the new broods mov- 
ing just a little further away from the parent 
birds.” 
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Dice (1918) states that during the early spring of 
1915 several huns were liberated in Touchet Valley, 
near Prescott, Washington. 

The first Hungarian partridge releases in Whitman 
County occurred during the spring of 1914, a ven- 
ture which was made possible by a subscription ob- 
tained from sportsmen, townspeople, and ranchers in 
and around Colfax. Jesse Neal, at that time chair- 
man of the Whitman County Game Commission, Roy 
Privitt, and Dr. W. A. Mitchell, all of Colfax, stirred 
up enough public interest to raise the necessary 
funds for the buying of 25 pairs of birds. 

Jesse Neal told the writer that the birds were 
ordered from Mackensen Bros., game dealers at 
Yardley, Pennsylvania, and were ineluded with a 
larger order made by Spokane County to supple- 
ment the earlier releases made in the county. The 
birds cost $6.25 a pair. The shipment arrived at 
Colfax during the first part of March with a loss of 
one bird only. Ranchers who had eontributed to the 
subscription and who were thought to live in suitable 
environment for huns took from one to two pairs 
and released them on their ranches. 

Table 10 shows the location of these releases. The 
remaining 27 birds were released by Jesse Neal and 
Roy Privitt in the vicinity of Colfax (Fig. 5). 














TABLE 10. First liberations of Huns in Whitman 
County, 1914. 
No. of Pairs 
Released Rancher Location of Ranch 
2. Nick Whelan... .. Union Flat Creek — 14 miles 
southwest of Colfax 
2. Ed Harpole. Palouse River — 6 miles west 
of Colfax 
2. Henry Hickman...| Almota 
1............| Ben Mitehell......| Near Glenwood 
Bilas coe 0s od 06) GUD. oc cicaed Near Palouse 
2...........| (not known)......| Near Ewan 
22 Birds (total) 











The huns seem to have been first introduced west 
of the Cascade Mountains in 1907 when Whatcom 
County liberated 50 pairs (Freckleton unpublished). 
Freckleton, at that time General Superintendent of 
Washington State Game Farms, states that after 
twelve years of experimenting it cannot be said that 
the introductions west of the Cascades were success- 
ful. However, there are now (1941) several localities 
in that region of the state which support breeding 
populations of these birds (Fig. 9). 


DISTRIBUTION OF THE HUNGARIAN 
PARTRIDGE 
RANGE 

The natural range of the Hungarian partridge, 
called the common grey partridge in Europe, is the 
eastern countries of Europe and central and south- 
west Asia. The climate in this range corresponds, 
in a large degree, to that of the eastern half of the 
United States, excepting the Gulf States and the ex- 
treme north (Oldys 1909). 
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In the United States and Canada, the success of 
Hungarian partridges has varied from complete fail- 
ure to the phenomenal results experienced in Wash- 
ington and other states in the Pacifie Northwest, and 
especially in certain Provinees in Canada. Table 11 
gives the status of the Hungarian partridge in the 
United States and Canada (Fig. 8). 


TABLE 11. Results of Hungarian partridge liberations 
throughout United States and Canada. 
Data taken from Cottam, Nelson & Saylor, 1940. 








| 
Partial Status No 
Successful Success Uncertain | Unsuccessful Attempt 
Illinois Iowa Kansas Alabama Arkansas 
Indiana Michigan New York} California Delaware 
Idaho Nevada Nebraska | Colorado Louisiana 
Minnesota Pennsyl- Utah Connecticut Massa- 
Montana vania Wyoming | Florida chusetts 
North Dakota Georgia Vermont 
Ohio Kentucky 
Oregon Maryland 
South Dakota Missouri 
Washington Mississippi 
Wisconsin Maine 
Alberta New Hampshire 
British New Jersey 
Columbia North Carolina 

Manitoba Oklahoma 
Saskatchewan Rhode Island 

South Carolina 

Tennessee 

Texas 

Virginia 

West Virginia 

















DISTRIBUTION IN WASHINGTON 


The Hungarian partridge is a bird of the open 
country, and is more adaptable to life in the wheat 
fields of the Palouse region than the ring-necked 
pheasant (Phasianus colchicus torquatus ) or the sharp- 
tailed grouse (Pedioecetes phasianellus). Though the 
ring-necked pheasant thrives where conditions are 
suitable, it requires more brushy draws than does 
the hun which itself is often found far from any 
permanent cover. The sharp-tailed grouse in the 
Palouse region has become a rarity since the rolling, 
bunchgrass hills gave way to a rich agricultural land. 
Figure 9 gives the relative range of the bird through- 
out the state. 

According to Burton Lauckhart, Biologist for the 
Washington State Game Department, there are sev- 
eral areas west of the Cascade Mountains which sup- 
port Hungarian partridges. Although the soil is 
heavy and poorly drained, the birds seem to do well 
along the Nooksack River, north of Bellingham, in 
Whatcom County; huns do fairly well along the west- 
ern edges of Skagit and Snohomish counties north 
of Everett. Another high concentration of birds 
occurs in the area south’ of Olympia extending almost 
to the city of Chehalis. This range includes a small 
portion of eastern Grays Harbor County as well as 
most of Thurston County. A few birds are found in 
Pierce County, southwest of Tacoma. Seattered cov- 
eys also oceur in parts of Lewis, Cowlitz, and Clark 
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Fig. 8. Shading shows the approximate range of the Hungarian partridge in United States and Canada. 
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counties. Huns live on the Olympic Peninsula in 
Clallam County where a fair concentration of birds 
occurs south and east of Port Angeles. 

The portion of the state situated east of the Cas- 
eades, as a whole, is well populated with Hungarian 
partridges. There are, of course, no birds in the 
higher timbered regions in the northern part of the 
state and corresponding areas in the Blue Mountains 
situated in the southeast corner of the state. The 
valleys and dry, untimbered bunchgrass ridges of 
these mountains, however, support Hungarian par- 
tridges. 

Points of high concentration oceur in Kittitas 
County near Ellensburg and in Douglas County near 
Waterville. During the peak year of 1924 and 1925, 
Okanogan County supported a very high bird con- 
centration, but now the hun population in that area 
is considerably reduced. At that time many huns 
were trapped and sent to other points over the state 
for release. As early as 1915 the Hungarian par- 
tridge had spread up the Okanogan River Valley into 
British Columbia (Phillips 1928). 

Huns succeed well in the arid sagebrush (Artemisia 
sp.) seetions of eentral Washington wherever there 
are farms. Many are found in the arid bunehgrass 
and sagebrush climax of Seablands in western Whit- 
man County. The bird does oceur to some extent 





in bunechgrass areas sparsely covered with ponderosa 
pine (Pinus ponderosa), but huns, as a general rule, 
avoid a timbered environment. 


ELEVATION 

James Beer reports having seen a pair of Hun- 
garian partridges with 16 young on the south slope 
of Funk Mountain (Okanogan County) at an eleva- 
tion of approximately 4,000 feet. He also reports 
seeing other birds at a slightly lower elevation on 
the open south slopes in the vicinity of Conconully, 
Okanogan County. These birds were on dry bunch- 
grass ridges. 

The author has observed several pair during the 
breeding season at approximately 3,800 feet in the 
Blue Mountains. These were in areas covered with 
Agropyron sp. and Festuca sp. along the high ridges 
at the head of Asotin Creek. Norman Knott of the 
State Game Department states that he has flushed 
huns near a government marker reading 4,800 feet 
elevation. Birds have also been seen at 5,100 feet 
elevation on the breaks near the Wenatchee Ranger 
Station, Asotin County. 

Elevation itself does not appear to limit the dis- 
tribution of the partridge. Observations indicate 


that the presence of mesophytie forests determines 
the altitude at which the birds are found. 


Hun- 











April, 1943 


Indicates areas where major 
studies were made. 
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Fig. 9. 


garian partridges find suitable habitats where the 
dry ridges are covered with bunehgrass, as in eastern 
Washington. 


PARTRIDGES IN RELATIONSHIP 
TO OTHER BIRDS 


Much has been written about the pugnacious habits 
of the Hungarian partridge. Many writers claim 
that it is responsible for the great decline of the 
sharp-tailed grouse (Pedioecetes phasianellus colum- 
bianus). The consensus, however, seems to hold the 
partridge as blameless, but we cannot say for certain 
whether or not the hun has been a factor in the final 
eviction of sharp-tails. 

The Palouse region once abounded with thousands 
of Columbia sharp-tailed grouse. Turning under the 
bunchgrass prairies gradually reduced its nesting 
area until very few birds remained by 1914, the year 
huns were liberated. 

Mr. L. E. Hall, a retired Palouse farmer, told the 
author that sharp-tailed grouse afforded good hunt- 
ing until about 1914. The birds resorted to nesting 
in unburnt stubble fields after the depletion of native 
cover. Then farmers started burning their stubble 
with the coming of the caterpillar tractors. Mr. 
Hall recalls destroying many sharp-tailed grouse 
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Range of the Hungarian partridge in Washington. 
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nests when he burnt off 150 acres of stubble during 
the spring of 1915. After the stubble had burnt, 
16 sharp-tailed grouse nests were found, each con- 
taining from 15 to 18 eggs. That was the last year 
he reealls having seen many of these birds. 

A few sharp-tailed grouse still remain along the 
native bunchgrass breaks bordering the Snake River, 
but overgrazing threatens their existence. On April 
19, 1941, a pair of these birds was seen at a distance 
of about 30 feet by Dr. H. L. Eastlick, two and one 
half miles northeast of Pullman. Three other sharp- 
tailed grouse were seen by Dr. Eastlick during the 
middle of August at the south outlet of Rock Lake 
near Ewan. 


Newer methods of farming, and not the Hungarian 
partridge, seem largely responsible for driving the 
Columbia sharp-tailed grouse out of the Palouse re- 
gion. No case of the huns fighting other game species 
has been observed during the study. One farmer, 
however, reported he saw huns drive bobwhites out 
of his orchard on several oceasions. Ring-necked 
pheasants and huns seem to show no signs of antag- 
onism, even though both species occur on the same 
range. Suecessful nests of both species have been 
found within 66 feet of each other. In one instanee, 
a female Hungarian partridge was known to have 
raised a brood of ring-necked pheasants; she and her 
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unusual brood were seen quite often on the study 
area. 

Valley quail (Lophortyx californica vallicola) also 
occur in this region, but no conflict has been noticed 
between this quail and the partridge. 

In the timbered regions of the state, there are 
many ruffed grouse (Bonasa wmbellus), blue grouse 
(Dendragapus obscurus fuliginosus), a few Franklin 
grouse (Canachites franklini), and white-tailed ptar- 
migan (Lagopus leucurus). With but one exception, 
the range of the Hungarian partridge does not coin- 
cide with those of these species. During the late 
spring and summer, huns may be seen on open 
bunehgrass ridges and slopes in the vicinity of blue 
grouse broods in the mountainous areas. 

A few sage hens (Centrocercus urophasianus ) oceur 
in the arid sagebrush areas of central Washington. 
Huns also oceur in this area, but their habits are so 
different that very little competition between the two 
species should exist. 


PRENESTING ACTIVITIES 
FIGHTING 


After a few days of rising temperature during the 
latter part of January and the forepart of Feb- 
ruary, coveys begin to break up into loose flocks. 
Fighting among the males is not uncommon at this 
time. Cocks often are seen to fight furiously for 
perhaps a minute, but no birds have been seen to get 
seriously hurt. Often the vanquished will turn and 
flee with the conqueror in close pursuit; the chase, 
however, does not last long. Upon several occasions 
the male being chased has been observed to turn 
and drive the pursuer back towards the flock or his 
mate, only to have the tables turned and the van- 
quished be chased away again. 

After the birds have paired and established nest- 
ing territories, fighting rather frequently oecurs be- 
tween two different pairs for possession of the same 
area. Males that have lost their mates or were 
unable to secure one, often intrude on an established 
area and have been noted to fight with the mated 
cock. These disputes, accompanied by intermittent 
fighting, may sometimes continue for a day or so. 
The female generally does not take an active part 
in the conflict. 

MATING 


In eastern Washington, ecoveys of huns were 
found to begin breaking up into pairs during the 
forepart of February. February 7 and February 4 
mark the dates when the first paired birds were 
noted on the study plot during the springs of 1940 
and 1941, respectively. 

By February 9 in 1941 the writer observed that 
all the partridges along the open ridges and fields in 
the Blue Mountains at an elevation of about 3,500 
feet were paired. A reliable sheep-herder stated the 
birds had started to pair as early as January 21. 
Lack of snow and above-average temperatures are 
believed to aceount for such early matings. 
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The springs of 1940 and 1941 were very mild. The 
mean temperatures at Pullman for February were 
37.8° F. and 38.5° F. (U. S. D. A. Weather Bureau), 
respectively, whereas the mean temperature over a 
period of 36 years was 31.9° F. February snowfall 
was also very light; 3.04 inches and 3.25 inches re- 
spectively, as compared to an average of 8.7 inches 
over a period of 36 years. There seems to be a 
direct correlation between time of mating and tem- 
peratures. 

Yeatter (1934) records the following dates for the 
first appearances of observed mating in southern 
Michigan during a period of four years, 1930 to 
1933: February 5, February 4, January 20, and Jan- 
uary 18, respectively. Spiker (1929) noted that 
pairing took place during the latter part of February 
in northern Towa, and Hammond (1941) found that 
in North Dakota partridges started to mate soon 
after February 21, 1939 and February 26, 1941. 

The tendeney of pairs to reassemble into small 
groups or large, loose flocks with the return of 
adverse weather conditions has been mentioned in the 
literature. This was noted to oceur to a certain de- 
gree on the study plot February 19, 1940, when the 
temperature dropped. During the spring of 1941 no 
tendency to reband was noted. The flocks broke up 
into pairs within a week and no loose bands or flocks 
were recorded thereafter. 


NESTING 


Nest BuImLDING 


For nearly three months before any nesting activ- 
ities are started, the male protects and defends his 
area against other males. The first sign of nest 
building appears during the latter part of April and 
seems to be concentrated in the vicinity of the win- 
tering areas. 

When the nests on the study plot were mapped in, 
it was noted that the majority were in native cover 
and alfalfa near the wintering areas rather than along 
fence rows and in fields far out from the winter 
ranges. 

In the Palouse region nest building was found to 
be at its height during the last week of April and 
the first week of May. On April 22, 1940, a pair of 
partridges were flushed at 9:45 a.m. from the edge 
of a draw supporting a brush eover type (Crataegus, 
Rosa, and old weed stalks). The male had been 
standing guard while the female excavated a site 
for the nest. The freshly dug bowl, located three 
feet from the edge of the cover, was well concealed 
under overhanging rosebushes and dead weed stalks. 
The birds never returned to complete the nest. 

Like all gallinaceous birds, the partridge builds its 
nest on the ground where it digs a neat bowl at some 
favored spot. Observations indicate that the female 
makes the nest while the male stands guard. The 
average bowl measures 6 inches in diameter and 
varies from 1.5 to 3.5 inches deep. In most eases 
the nests observed were lined with coarse, dead 
vegetation of the previous year; finer material is 
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placed on top of this. In many eases, this latter 
material consisted of grass blades and leaves of al- 


falfa, although Bromus tectorum blades occurred 
most often. Very few feathers are used in the nest. 


Yeatter (1934) reports having found runways or 
tunnels varying from a few inches to 7 feet in length 
approaching the nest, but this has not been observed 
in the Palouse region. 


Eee LayinG 

Eggs are deposited approximately one every 34%4- 
hour interval according to observation made by Ogil- 
vie (Portal & Collinge 1932). The eggs, with the 
exception of the first one (Yeatter 1934), are covered 
with leaves and other vegetation while the clutch is 
being laid. This makes the nests very difficult for 
predators to find. 

From 10 to 22 olive-brown eggs are usually laid 
(Table 12). The coloration is uniform and similar 
to that of pheasant eggs but more olivaceous; the 
size is noticeably smaller. The average size of eggs 
taken from 4 different clutches corresponded closely 
to measurements taken by Yeatter (1934) in Mich- 
igan, 1.40 inches by 1.04 inches in size. 


TABLE 12. Study of clutches, 
| | k . 
} | NUMBER OF Ecos 








| Number | | 
Year of | 











| Clutch 
Nests | Total 
Aver- Mini- Maxi- 
age mum mum 
Bn MEET eer el! SE te CO EA 
Pullman, Wash. | | 
EE y 370.4 oF Gicaie: Koc 27 | 474 17.55 12 22 
DU Cshettvedsscal 17 | 280 16.47 10 22 
(Total or 
Average)... ... .| 44 } 754 17.13 10 22 
| | 
Michigan* | | 
1930-1932... .... | 44 | 691 15.7 5 25 











*Data taken from Yeatter (1934). 


The number of eggs in the elutech varied from a 
minimum of 10 eggs to a maximum of 22 eggs. Of 
the 44 complete clutches observed during the 2-year 
study, the average was 17.13 eggs (Table 12) which 
is an average of 1.43 more than was found by 
Yeatter (1934) in Michigan. The 1941 clutches av- 
eraged 1.04 eggs less than the clutches observed 
during 1940. The reason for this is not definitely 
known; possibly the unusually wet month of May 
(Fig. 4) had some effeet on the number of eggs laid. 

Throughout the literature one frequently finds 
records of extremely large clutches among gallina- 
eeous birds. Stoddard (1931) found that two hen 
bobwhites may lay in the same nest. Yeatter (1934) 
expresses the opinion that two huns probably con- 
tributed to a large clutch which contained 25 eggs. 
May 24, 1941, the writer found indications that more 
than one hen partridge do, in some eases, deposit 
eggs in a single nest. Twenty-one eggs were present 
in this deserted nest found in a hayfield; 10 of them 
had been incubated 18 or 19 days, whereas the re- 
maining 11 eggs had been ineubated for a shorter 
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period. It is the author’s opinion, however, that two 
birds rarely lay in the same nest unless there is a 
very high concentration of birds. 


Nest PARASITISM 


Ring-necked pheasants (Phasianus colchicus tor- 
quatus) quite frequently parasitize the partridge 
nests. Of the nests observed during the study, 7.46 
percent of them (5 nests) contained from one to five 
pheasant eggs. This has been observed before by 
other writers, including Yeatter (1934). Errington 
and Hamerstrom (1938) in northern Iowa found that 
7 out of 26 partridge nests contained pheasant eggs. 
Bennett (1938) found that pheasants parasitized 
4.7 percent of the blue-winged teal nests which he 
observed. 

A parasitized nest found in a mowed alfalfa field 
June 14, contained 20 partridge eggs and five pheas- 
ant The partridge eggs would have hatched 
within a day or so, but the pheasant eggs would not 
have hatched for 10 to 12 days. This indicates that 
after incubation has started, pheasants sometimes 
sneak to the nest and deposit eggs while the partridge 
is away feeding. It is unlikely that the eggs could 
be deposited while the partridge was on the nest. 


2 O'S 
eggs. 


INCUBATION 


The female does all the incubating while the male 
remains in the vicinity of the nest and joins her 
when she leaves the nest to feed during the early 
morning and evening. She is also known to leave for 
short intervals during the day. After a few days 
she becomes very broody and as the hatching date 
draws near she leaves the nest for shorter periods 
of time. The writer has placed his hand within 
inches of the setting female apparently without 
causing her any alarm. A reliable farmer states he 
onee very gently raised a female hun by her tail 
and counted the eggs without causing her to flush. 
The bird’s nest was in his garden, however, and the 
female was accustomed to the presence of people. 

Hungarian partridge started incubating April 25, 
1940, but the earliest date recorded for 1941 was 
May 4. The ineubation period varies from 21 to 24 
days; 23 days is probably the normal length. 


HATCHING 


The hatching of a nest located in a native prairie 
strip was observed by the writer. Thirteen of the 
14 eggs were pipped at 3:30 p.m., June 4, 1940. 
The chicks were out of the shell but still in the nest 
at 10:30 a.m. the following day. That afternoon. the 
female and brood left the nest. The male was heard 
several times in a nearby wheat field previous to the 
brood’s departure from the nest. 

Table 13 summarizes the dates of hatehing recorded 
during the two seasons. Figures for 1940 are based 
on 17 nests and 90 broods; those for 1941 are based 
on 14 nests and 12 broods. Data on 1941 brood 
studies were necessarily incomplete because the 


writer was transferred to Stevens County before the 
season was over. 
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— 30% 
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Fig. 10. Graph of hatching dates of Hungarian 
partridge nests. 
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TABLE 13. Summary of hatching dates in the Palouse 
region for 1940 and 1941. 








Period | 1940 | 1941 
| 
SAE eal Ber Bs ee 
May 92 -81:..... 55525. | 7.78% 8.33% 
kg Fig eeeasetetes | 34.49% | 41.68% 
See HS sk | 55.52% 29.16% 
June 15-21............ | 14.45% | 16.67% 
pet eS SOE | 3.32% | 4.16% 





The 1940 peak was reached during the second 
week in June, while the 1941 peak was reached the 
first week in June. Weather conditions are believed 
to be indireetly responsible for the peak occurring a 
week earlier in 1941. There were fewer cold, rainy 
days during Mareh and April of that year as com- 
pared to 1940, which resulted in a more rapid growth 
of vegetation. The mean maximum temperatures for 
the months of Mareh and April, 1941, are more than 
two degrees above those of 1940. The slightly 
warmer temperature, accompanied by more clear, 
dry days during the prenesting period in 1941, may 
be the main factors causing the earlier nesting. 


NESTING STUDIES 


A total of 68 nests were found during the course 
of the 2-year study; 38 of the nests were found in 
1940 and 30 nests in 1941. Data on 1941 nests are 
limited as less time was devoted to this phase of the 
work after the latter part of June. 

Nesting studies were confined mainly to the study 
plot north of Pullman, and to two of the State Game 
Department Research Station plots (Fig. 5). Some 
data, however, have been used from nests found off 
the plots. Previous to intensive nest hunting, cen- 


suses were taken to determine the approximate num- 
ber of breeding pairs on the areas (see population 
studies). 


According to the census of April 17, 1940 
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(Table 30), there were 50 breeding pairs on the 
study plot, a density of approximately one pair to 
28 acres. 


METHODS 


Various methods for loeating nests were tried. The 
writer, with the aid of students, dragged 150 feet of 
three-fourths inch rope over many acres of possible 
nesting cover, which included stubble alfalfa, weed 
patches, wheat fields, and bunehgrass areas. This 
method worked fine for short-eared owls and marsh 
hawks, but proved to be almost a complete failure 
for partridges. Only one partridge nest was found 
during the many man-hours employed dragging rope. 
Objections to this method are several. The rope does 
not agitate the cover enough to cause the hen to flush, 
except possibly during the first two or three days of 
incubation. Several nests were found later that had 
been there during the rope-dragging process, but 
which were not discovered. The rope cannot be used 
along fence rows, and furthermore, the method re- 
quires at least two or three men to drag the heavy 
rope over the rank vegetation and rolling hills (Fig. 
11). On the whole, the use of the rope is ineffeetive. 





Fig. 11. 
fifty feet of three-fourths inch rope in search of par- 


Unsuecessfully dragging one hundred and 


tridge nests. (Photo by C. C. Ball.) 


Beating the thick cover along fence rows also 
proved fruitless in finding nests. The most produe- 
tive procedures were to follow farm machinery and 
to search diligently in the bunehgrass and brushy 
areas by parting the vegetation with a stick (Fig. 
12). The latter method proved more suceessful after 
the nests had hatched (the middle of June). Vege- 
tation is not so dense at that time because many 
annual grasses have died and some of the lower 
leaves have fallen from the underbrush. The reduc- 
tion in vegetation makes it easier to diseover old 
nests. A few seattered shells also aid in loeating 
hatched nests. Farmers are frequently helpful be- 
cause they often find nests while working. 

Questionnaires were sent out during the spring 
of 1941 to various farmers previously contacted. 
The results were discouraging. Even though farmers 
find nests, they usually do not have the time or the 
interest to fill out a questionnaire and send it in. 
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Fie. 12. 
One was found in the area between the searchers. 


by C. C. Ball.) 


Beating bunch grass for partridge nests. 
(Photo 


Records of four nests only were obtained in this 
manner. 
LocaTION OF NESTS 
The average distance from water of all nests ob- 
served was 777 feet, and the nests were placed an 
average distance of 323 feet from permanent cover 


(Table 14). 


TABLE 14. Nest locations in relationship to water 
and permanent cover. 














| 
1990 | 1941 | Average 
——— | | 
Distance from water... | 768.3 ft. | 785 ft. 777.5 ft. 
Distance from permanent | 
269.2 ft. 372.8 ft. 323_—Céftt. - 


COVEP. ww we cece 
| 





No noticeable preference was shown in picking 
out exposures for nest sites, and there seems fo be 
no correlation between the degree of slope of the 
land and the position of the nest. 

In summarizing the cover preferences for nest 
location, and comparison of nest cover types (Table 
15) it was found that 60.3 pereent of the total nests 
found were situated in hayfields. Hayfields comprise 
only 3.28 percent of the Whitman County land re- 
ported in farms (Table 2). It is admitted that a 


TABLE 15. A comparison of nest cover types, Whit- 
man County, 1940-1941. 
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TABLE 16. Percentages of successful and unsuccessful 
nests in relationship to cover. 














| 
1940 1941 | Granp Tora 
* ee } 
Cover Type | Num- | Pere»nt} Num- Pere=nt| Num- | Pere :nt 
ee i GS oes er o } ter 5) of 
| Nests | Total Nests | Total | Nests | Total 
Permanent Cover| | 
Pasture and 
grassland......| 7 18.4 6 20.0 | 13 |19.1 
Brush......... 5 | 13.2] 0 ore Tea 
| | 
Temporary Cover | ! 
Wheat stubble. . . 4 10.5 0 0 re 5.8 
Winter wheat....| 1 | 2.6] 1 ee ee 2.95 
Alfalfa..........| 20 | 52.6 | 20 | 66.7 | 40. |58.84 
Es oa 2.6 0 0 2,32 
Sweet clover.....| 0 0 1 3.3 1 1.5 
Weed patches in | | 
eee 0 0 | 2 6.7 2 | 2.95 











| } 
1940 | 1941 | Bors YEARS 
i } | 


Ra aoa Gk 
| % of | % of | % of | % of | G% of | G% of 
| Sue- |Unsue-| Sue- |Unsue-| Sue- |Unsue- 
leessfullcessfullcessfullc »ssful|cessful|cessful 
| | * | nme 





Cover Type 


iitsedusiheeniel EER TRA Ss GRETA CAMERAS Vib EL 
| | 
Permanent Cover } } 








Grasses* and weeds.....| 25 15.4 | 30 15 | 27.3 | 15.2 
Brushes os ss ss ccs AO OS OL Oe ae 
Total..........66.6 | 15.4] 30 | 15 | 50.0 | 15.2 
Temporary Cover | | | 
Alfalfa................1 25 | 65.4] 50 | 75 | 36.4 | 69.54 
Wheat stubble.........| 0 | 15.4] 0 o | ae ae 
Winter wheat..........| 8.3 0 i ae 0 Le a Rae 
Weed patches in fields ..| 0 0 10 5 | 4.5| 2.2 
Sweet clover........ a 0 0 0 | 5 : 2.2 
a, NS SS 3.8 | oO. 2.2 
Total.........| 33.3 | 84.6] 70 | 85 | 50.0| 84.8 
Number of Nests....... | 12 26 10 | 20 22 | 46 
| | | | 








*Agropyrcn, Festuca, Bromus, Elymus, ete. 
**Rosa, Prunus, Symphoricarpos. 


certain amount of error oceurs in the figures; hay- 
field nests are easy to find because mowing of the 
crop exposes them. The study plot where a careful 
nesting study was conducted, however, revealed even 
a higher pereentage of hayfield nests (Table 17). 


TABLE 17. Nest cover types on study plot—1940. 








Pere »nt of 
Percent of Number Percent of Estimated 
Total Area of Nests | Nests Found | Nests of Plot 
Alfalfa....... 9.1 10 71.5 20 
EON: 22.2 1 YP 2 
ena ee 2.3 1 7.4 2 
Grass—weed . 6.1 2 14.3 + 

















It was estimated that fifty pairs nested on the 
study plot and approximately 28 percent of the nests 
were found. Ten nests (71.5%) of those found were 
found in hayfields, which would indicate that at least 
20 percent of the nests were located in alfalfa. Al- 
falfa consisted of only 9.1% (127.9 aeres) of the 
study plot (Table 3), which indicates a concentration 
of one nest to 12.8 aeres. The 1941 figures for nests 
found in alfalfa on the plot constitute approximately 
the same percentage of the total estimated nests as 
those of 1940. Unquestionably, a few of the hayfield 
nests escaped notice, but the greater percentage of 
them was found; hay crews reported nests that the 
writer did not find. A lower percentage of the nests 
in permanent cover was found owing to the difficulty 
in finding them. 

Approximately 25 percent of the partridge nests 
in the Palouse region are estimated to be loeated in 
havfields. 

Wheat fields and pea fields are used very little for 
nesting purposes. Both erops are poor nest conceal- 
ers at the time of nest building, and peas are usually 
not planted until after the first nests are constructed. 
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Stubble nests are usually eliminated by the practice 
of burning and early spring plowing. 

The bulk of the nests is coneentrated in the re- 
maining available cover, which consists of hay land 
(approximately 8 pereent of study plot) and per- 
manent cover varying from 12 pereent of the land 
on the Colton plot to 32 percent on the Rosalia plot 
(Table 4). 

Previous to 1921, farming of the Palouse hills was 
done mostly by horse power. With the coming of the 
eaterpillar tractors, large sections of land could be 
farmed by a single rancher. As a result many small 
fields have been united to form a larger unit. Fence 
rows have been, and are continuing to be, taken out; 
which reduces the acres of cover. Fields farmed by 
horse power often had strips of unplowed land 
around its periphery which was used as a road and 
a place upon which the horses could turn around. 
With tractors, all available space of a field is farmed. 
The average size of farms in Whitman County has 
inereased from 495.5 aeres to 532.9 aeres during the 
period 1930 to 1940 (Table 1). 

Fewer acres are needed for pasture with the pass- 
ing of the horse and mule era of farming. The 
remaining pasture land is foreed to support more 
cattle, sheep, and hogs. During the past decade 
(1931-1940) in Whitman County hogs increased in 
numbers from 16,013 to 27,461, cattle from 21,784 
to 34,271, and sheep from 40,480 to 46,518 (Census 
of U. S. 1940). Horses and mules decreased from 
2,283 to 1,675. 

Native bunchgrass areas (Agropyron and Festuca) 
are used frequently as nesting cover, especially if 
they are not overgrazed. Usually the nests in native 
vegetation are relatively successful in hatching (Table 
16). Roadsides and railroad rights-of-way are also 
utilized. Nests are found in weed patches and brushy 
areas bordering the wheat fields. Pastures are usually 
overgrazed, and so rendered undesirable for nests. 
Fence rows throughout the Palouse region are very 
frequently unpenetrable thickets of Rosa, Symphori- 
earpos, and Prunus. Because of difficulty in flushing 
partridges from their nests in such cover, many 
fence-row nests were undoubtedly missed. Several 
nests, however, have been found near the edges of 
these dense thickets. 

The large numbers of Columbia ground squirrels 
(Citethus columbianus) render many 
waste areas and rose thickets along the fences unde- 
sirable for the nesting of partridges. 


columbianus 


The final analysis of the potential nesting cover 
reveals that the following eauses have reduced the 
desirable permanent nesting cover and have indirectly 
eansed the partridges to utilize more agricultural 
Jand, alfalfa fields in particular: (1) overgrazing of 
pastures, (2) reduction in number of fence rows, 
(3) presence of larger numbers of rodents, (4) 


changes in farming practices. 

Hawkins (1937) found that partridges preferred 
native eover to hayfields for nesting at Faville Grove, 
Wisconsin. 


Yeatter (1934) observed that 34 percent 
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of the nests were situated in hayfields. The present 
study in the Palouse region reveals that 58.8 percent 
of the total nests found were in hayfields. If native 
cover is preferred, as appears to be the ease, the 
study reveals the serious lack of such cover in the 
Palouse area. 


NESTING LOSSES 


Table 18 summarizes the outcome of the 68 nesting 
attempts observed during the investigation. It was 
found that 67.5 pereent of the total observed nesting 
attempts were unsuccessful. Ninety-five percent of 
the nesting losses in the Palouse region are attrib- 
uted to four factors: (1) farming activities, (2) de- 
sertion, (3) predators, (4) farm animals (Table 19). 


TABLE 18. Comparative numbers of successful and un- 
successful nests, 1940 and 1941. 














] ] 
| SuccessruL | Unsvuccessrur 
| Total | ne See 
Year Number | 
| of Nests | Num- Per- | Num- |  Per- 
ber cent | ber | cent 
ae ea ae Pe | 31.6 | 26 | 68.4 
Mle aes | 30 «| «610 «| 33.4 | 20 | 66.5 
Total or Average 68 | 32 | $2.5 46 67.5 





TABLE 19. Destruction of Hungarian partridge nests 
in the Palouse region, 1940-1941. 























AVERAGE FOR 
| 1940 Nests 1941 Nests Born YEARS 
Nest Unsuccess- | } 

ful due to | Percent} Percent} Pereent| Pereent| Percent} Percent 

of Unsue- ts) Unsuc- o Unsuc- 

Total | cessful | Total | cessful | Total | cessful 

Plowing.........| 10.5 | 15.4 | 3.3 | 5.0 | 7.4 | 10.70 
Mowing.........| 47.5 69.3 50.0 75.0 48.5 71.80 
Disturbed.......| 5.3 pe 3.3 5.0 4.4 6.50 
Predators........]  ... ss 3.3 | 5.0 1.5 | 2.20 
Farm Animals....| 2.6 3.8 ean ee 1.5 2.20 
(Pree are es 3.3 5.0 1.5 2.20 
Unknown........| 2.6 3.8 3.3 5.0 2.9 | 4.35 











Farming <Activities—Farming practices were re- 
sponsible for 84.7 pereent of the unsuccessful nest- 
ing attempts found. The mowing of hayfields alone 
accounts for 71.8-pereent of the casualties, and the 
plowing of stubble fields destroys 10.7 pereent of the 
unsuccessful nesting attempts (Table 19). 

Partridges generally do not nest in stubble fields as 
often as pheasants because the fields usually are 
burned or plowed before partridges begin nesting. 
Fifteen pereent of the pheasant nests found in the 
Palouse region during 1940 were located in stubble 
(Knott & Ball 1941), but only 5.8 percent of all 
partridge nests found during the 2-year study were 
in stubble fields (Table 15). Of the total pheasant 
nests observed, 17.5 percent were destroyed by burn- 
ing or plowing. On the other hand, all of the par- 
tridge nests found in such fields were destroyed. 

The burning of stubble fields in the fall or in the 
early spring prior to nest building (April 20), would 
lessen these early unsuccessful nesting attempts, as 
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it would reduce the amount of this hazard 
available. 

Hay Field Nests—The outcome of hay field nests 
is extremely important since a high percentage of 
the nests is placed in this type of cover. Alfalfa 
fields are very desirable because they afford early 
nesting cover, and for this reason approximately 
25 percent of the total nesting attempts are in them. 
Of the nests found during the study, 58.8 percent 


were located in alfalfa (Table 15). 


area 


TABLE 20. Nests located in alfalfa fields, 1940-1941. 











| 
Successful Unsuccessful | Hens Killed 
| No. | pie tea aaa ‘ 
Year | of | | | | i | 
| Nests | Num-}| Per- | Num-| Per- | Num-| Per- 
| | ber | cent ber | cent | ber | cent 
SO al eae aad ——|—___—} et Cesc Pacis 
1940.... 20); 3] 17 | 85 | 2(2)| 10 
| | 
epee oN rer a 5 | 25 5 | 75 | 5 | 25 
Total or Average. | 40 | S 20 32 so | 7 17.2 











Errington and Hamerstrom (1938) found that 6 
out of 8 hayfield nests were unsuccessful in Iowa. 
Here in the Palouse region, 32 out of 40 alfalfa 
nests were unsuccessful. 

During the spring of 1940, cutting of hay began 
during the last few days in May and continued 
throughout the first two weeks of June. This coin- 
cided with the latter part of the Hungarian partridge 
incubation period. Many nests were destroyed (Table 
20) that would have hatched within a few days. 
One nest containing 19 eggs was hatching when the 
mower passed over it, either causing the hen to desert 
the nest or killing her. When the nest was found, 
three chicks which had freed themselves from the 
shells were dead from exposure in the nest. All of 
the remaining eggs were pipped. 

There were 10 percent more successful nesting at- 
tempts in hay fields during the spring of 1941 than 
during the previous spring even though many nests 
were destrdéyed when alfalfa fields, heavily contam- 
inated with cheat grass (Bromus tectorum), were eut 
exceptionally early (May 20 to 30). Because cheat 
grass matures early, old alfalfa fields heavily infested 
with it are eut earlier than normal in order that a 
higher quality of hay may be obtained. Several nests 
found in these fields did not contain full clutches, 
and it is entirely possible that the hens renested in 
a more suitable location. 

The hatching peak (Fig. 10) of 1941 was reached 
a week previous to that of 1940. This, accompanied 
by the unusually wet June, made it possible for more 
nests to hatch before the hay was eut. 

Pheasants, although they frequently nest in hay 
fields, are not in such danger of destruction by mow- 
ers as the greater percentage of nests hatched before 
the peak of hay cutting. During the spring of 1940, 
65.8 pereent of the pheasant nests hatched between 
May 15 and June 7; the peak was reached the first 
week in June (Knott & Ball 1941). Partridges, on 
the other hand, reached their hatching elimax during 
the second week of June 1940 (Fig. 10). 
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Tractor-drawn mowers are exceptionally destructive 
because the hen is often killed and the nest destroyed. 
The extreme broodiness of the hen at the end of the 
incubation period makes her all the more vulnerable 


to a machine that travels at such a high rate of 
speed. Table 24 shows that 17.2- percent of the 


brooding hens are killed by mowers. Many more are 
crippled. Hens lacking a wing or a leg have been. 
found in the field upon different occasions. Farmers 
report they seldom see a nest before hitting it when 
mowing with a tractor. When horses were used, the 
operator frequently could save the nest by lifting 
the sickle bar and pulling out around the nest. The 
use of flushing bars would decrease these hayfield 
losses to a certain extent, but it is doubtful if a 
flushing bar would frighten the hen from her nest 
towards the end of the ineubation period. 

Desertion.—Most of the recorded desertions appear 
to result from the nesting site being disturbed by 
human beings. One partridge deserted her nest after 
being flushed several times by students. Six and a 
half percent of the total unsuccessful nests were 
attributed to desertion. 

Predators.—In this region, predators are not an 
important factor in nesting losses. Only a single 
case of an undetermined predator destroying a hun 
nest has been observed. Magpies (Pica pica) are 
known to eat eggs when they ean find them. Eggs 
left in nests destroyed by the mowing of hay are 
soon disposed of by these birds. 

Columbia ground squirrels (Citellus columbianus 
columbianus) were found to eat hun eggs oceasion- 
ally. An experiment was carried out by the author 
to determine the possible destructiveness of this 
rodent to pheasant and partridge nests. Variously 
marked hun eggs obtained from deserted and de- 
stroyed nests were placed in six different groups at 
various distances from dens and runways in an area 
supporting a high population of squirrels. The eggs 
were marked with several colors in many designs for 
identification purposes. Destruction of but two eggs 
could be definitely attributed to the ground squirrels, 
so it seems likely that the squirrels take eggs only 
on rare oceasions. 

One Hungarian partridge nest found in an alfalfa 
field was virtually surrounded by squirrel dens. Four 
dens were within 24 feet of the nest, the closest 
den only 9 feet from it. The nest, alfhough 
destroyed by mowing, apparently had never been 
molested by the squirrels. 

Farm Animals.—Only one observed nest has been 
destroved by farm animals. In this ease, pigs ate 
the eggs after the nest had been exposed by diseing. 
Farm animals apparently do not destroy a high per- 
centage of partridge nests. 

Hatching Features.—Table 21 shows the high de- 
gree of egg fertility and hatchability that existed 
during the 1940 and 1941 investigation. The data 
were taken from nests observed shortly after they 
hatched or nests deserted just a day or so- before 
hatching. No nest was found in whieh all the eggs 
were sterile. 
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Fig. 13. 


This Hungarian partridge nest, which con- 
tained 19 eggs, was deserted after the alfalfa was cut 


from around the nest although it would have hatched 


within three or four days. 


TABLE 21. Fertility and hatchability of Hun eggs. 





Clutch Fertile Eggs | Sterile Eggs 
No. of Total Percent Percent 
Clutches | No. Eggs | No. Eggs | of Total | No. Eggs | of Total 
12 189 187 | 98.9 2 1.1 


Dead in Sterile Eggs in 


Clutches Hatched Hatched Shell Nests which Hatched 
No. Total | 
Clutches Eggs | No. | % | No. | % | No 7 
WA PR a sa baiats See |_ Se boah : se 
9 140 | 136 |97.4) 3 | 2.1 1 ER. 


RENESTING 
No ev:denee has been found which indicates that a 
hen will nest again after she has suecessfully hatched 
and reared one brood. Intermixing of broods accounts 
for females often seen with young of different ages. 
Consideration of the time necessary for the laving 
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and incubation of a elutech of eggs and the time the 
chicks receive maternal attention makes a_ second 
brood highly improbable. Hens that have failed in 
their first nesting attempt, however, sometimes lay 
another clutch, but the frequeney of renesting is not 
known with certainty. 

On July 30, 1940, a nest, which contained 17 eggs, 
was found that was quite definitely a renest. This 
nest, located in a pea field, was destroyed by the 
harvesting of the crop. 

Renesting data for 1940 were based on brood studies. 
Of the 148 Hungarian broods recorded, 12 (roughly 
8 percent) were considered to result from renesting. 
The large number of first nests destroyed in contrast 
to the small number of renests indicates the serious- 
ness of the heavy destruction of first nests. 

Counts made on Hungarian partridge renest broods 
ranged from one to thirteen chicks and averaged 4.5 
per brood. The first-hateh broods, on the 
other hand, ranged from 2 to 22 young, and averaged 
10.7 birds per brood. 


young 


TABLE 22, 
observed. 


Computed date of hatch of renest broods 





Date Number Nests 
July 7th to 14th... 2 
Ss eer Ps 
ro | a en 7 
Root ist to Teh. 5. ke 25: 0 
Sth to 14th... 1 


BROOD STUDIES 


BEHAVIOR AND CARE OF THE Broop 

After the young have left the nest, they receive 
constant attention from both of the adults. Until 
the chicks are two weeks old, the old birds often 
feign injury in an attempt to attract the attention 
of the enemy from the young and give them time to 
hide. 

Accompanied by an Irish Setter dog, the author 
approached a young brood along a railroad right-of- 
way. The adults feigned injury, uttering a con- 
fusing treble of notes. The dog chased the adult 
birds until they ceased aeting crippled and glided 
off across a pasture. The young birds froze to the 
ground under the available cover. Two chicks were 
finally found after considerable time was spent in 
diligent search. 

The following markings enable the young chick to 
be hidden effectively when it flattens out on relatively 
bare ground: the light streak down the center of 
the back, bordered on each side by a darker line; 
the sngle dark stripe extending posteriorly from 
the base of the forehead, accompanied by 22 smaller 
dark patches seattered over the sides of the head. 

Two-week-old chicks are able to fly short distances. 
They tire readily but are soon able to make short 
flights again. When flushed, voung birds do not 
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follow the adults until they are nearly six weeks old. 
Instead, they scatter in singles and pairs to the 
nearest cover. By the time the birds are half-grown 
(approximately six weeks of age), they have devel- 
oped the habit of flushing in a covey with the adults. 


JUVENILE MorTALITY 


In order to determine mortality rates and the fac- 
tors causing losses preceding the hatching of the 
young, data in the number of adult birds, number of 
juveniles and their approximate ages, type of cover, 
and the distance from water were recorded for all 
broods observed. To lessen the chances of error in 
estimating ages, the broods were recorded in terms 
of weeks of age. The calculations were based on the 
known size and feather development of captive birds. 

Every possible effort was made to collect informa- 
tion on causes of juvenile mortality, but in the field 
it is very difficult to find dead birds of the younger 
ages. 

Table 23 shows the drop in brood sizes during the 
summer of 1940. This does not inelude broods of the 
second nesting attempts. The age groups are quite 
accurate through the sixth week. Estimates of rel- 
field difficult from 
because the approaching 


become 
juveniles 


ages in the 
then on 
maturity. 


ative more 


are 
During the first two weeks, 47 percent of the 
young were lost from various causes. The average 
brood size varied at two weeks from 8 to 10.9 indi- 
viduals. The slight inerease in brood size noted from 
the fifth week on was probably the result of broods 
intermixing, though field observations did not indi- 
‘cate that families combine to form flocks at this time 
of vear. Pheasant broods, however, were noted to 
shuffle and intermix quite freely after reaching the 
age of six or seven weeks (Knott & Ball 1941). 
Juvenile losses in the Palouse region are attributed 
to (1) accidental death, (2) exposure, (3) predators. 


TABLE 23. 
1940. 


Average brood size in the Palouse region, 





Number 
observations 


Average number 
per brood 


Age group 


At time of hatch. ..... 


17 7 
Sy. 15 8 
Two weeks...... (no data) ; 
Three weeks........ 9 7 
Four weeks........ ; 8 12 
Five weeks......... 9 17 
a 10 6 
Seven weeks........ 10.9 9 
Eight weeks......... 9.5 39 
UNE Sci tks 106 


Accidental Death—Three birds approximately one 
and a half weeks old were observed that had been 
killed in an alfalfa field by a mower. Farmers re- 
ported others that had been killed in the same 
manner. 
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Pea swathers (machines that bunch pea vines in 
rows in order for a combine to harvest the crop) 
take their toll of young birds. -A reliable farmer 
reported that he has accidentally killed many young 
partridges with his swather. The birds, in seeking 
cover, hide under the vines ahead of the machine 
only to be crushed to death or exposed to the preda- 
tory hawks. The farmer stated that almost all mem- , 
bers of two broods were exterminated in this manner 
during the harvesting of one large pea field. 

Two cases only of young partridges being killed 
by hitting wires were observed. There. is little evi- 
dence in these studies to support Yeatter’s (1934) 
observations that flight accidents are an important 
source of mortality. Motor ears are responsible for 
a very small percentage of partridge deaths. 

Exposure—Exposure of the young birds to severe 
environmental conditions is known to be fatal in 
many instances. Stoddard (1931) calls attention to 
losses of bobwhite quail through lowered vitality 
from chilling in wet weather. In the Palouse terri- 
tory heavy dews are common throughout June when 
the young are small. The vegetation is also -very 
rank at this time. It is believed that an appreciable 
number of young birds die from é¢xposure as a result 
of wading through the dense grasses wet with dew or 
rain. 





Predators—Data on predation of the young are 
scanty; however, certain hawks and the great horned 
owl probably take more young than any other 
predators in the Palouse region. -Refer te section 
on mortality factors for discussion of predators. 


FOOD HABIT STUDIES 


Previous LITERATURE 


The food habits of the Hungarian partridge im 


the United States have ‘been studied “by several 
investigators. 
Kelso (1932) has published observations based 


upon 80 crops and gizzards, 61 of which were e¢ol- 
lected in the central and northeastern states and the 
remainder in the vicinity of Pullman, Washington. 
His findings showed that seeds and green herbage 
gleaned from the fields made up the major portion 
of the diet (see Table 27). 
was shown for 


A decided preference 
ragweed (Ambrosia sp.) and Poly- 
gonum, especially the black bindweed (Polygonum 
convolvulus ). 

Nine stomachs collected in the fall in the vicinity 
of Pullman, Washington, were examined by Leffing- 
well (1931). Cereal crops, and weed seeds 
made up a greater portion of the diet (Table 27). 

Yeatter (1934) examined 53 stomachs during the 
three-year investigation carried on in the State of 


grass 


Michigan. He ineludes a table showing the fre- 
quency of Hungarian partridge foods month by 
month. 


Foop AVAILABILITY 
The kind of food and the amount consumed by 
birds in general depends upon availability, the spe- 
cies present, and, to some extent, preference. 
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In the Palouse region, waste cereals furnish a 
large percent of the food of upland game birds 
(Table 28), especially during the fall and winter 
months if deep snows do not make them inaccessible. 

In order to ascertain the amount of waste small 
grains available for bird consumption, the writer 
took a series of square-foot samples over a number 
of stubble fields between August 26 and September 1. 
Number nine wire, bent to enclose an area one foot 
square, was thrown at random as the writer walked 
through fields. The enclosed kernels were counted 
for each throw. The results are as follows: 

Wheat left in wheat stubble fields: 

67.23 kernels per sq. ft., based on 100 samples 

34 kernels per gram, average 

60 pounds per bushel 

3.17 bushels per acre available 
Volunteer peas found in wheat stubble: 

7.05 peas per sq. ft., based on 100 samples 

5.90 peas per gram, average 

60 pounds per bushel 

1.88 bushels per acre available 


Peas found in harvested pea fields: 
11.7 ' peas per sq. ft., based on 100 samples 
5.9 peas per gram, average 
60 pounds per bushel 
8.18 bushels per acre available 
Barley found in harvested barley fields: 
64.4 kernels per sq. ft., based on 100 samples 
26.7 kernels per gram, average 
48 pounds per bushel 
4.82 bushels per acre available 


Knott and Ball (1941) made systematie monthly 
cheeks on the State Game Department Research areas 
to determine the availability of seeds of the more 
common wild plants. Table 24 lists the relative abun- 
dance of these seeds during the fall and winter. 


ANALYSES OF CROPS AND GIZZARDS 


Food habit material collected by the writer has 
been incorporated with that gathered by Knott and 
Ball (1941) and the results only will be summarized 
here. The bulk of the crops and gizzards analyzed 
were taken during the hunting season and from birds 
accidentally killed at other times. Only a few birds 
were collected to supplement these when it was 
deemed absolutely necessary. Field observations were 
correlated with the results found in the laboratory. 

The displacement method was used to obtain per- 
centages of food items, and soft material was meas- 
ured in a moist condition. Plant seeds were identi- 
fied by direet comparison with a reference seed 
colleetion. 

Owing to an insufficient number of specimens, the 
results of the analyses of erops and gizzards are 
grouped into periods containing three months each 
(Tables 25, 26). Beeause so few records were ob- 
tained for the spring months, spring material has 
not been put in table form. Field observations sup- 
plemented by a few specimens are the basis for the 
conclusions on spring food habits. 


CHARLES F.. Yocom 


Ecological Monographs 
Vol. 13, No. 2 


TABLE 24. Seed availability of important wild food 
plants, Whitman County, 1940-1941. 


x, Seeds on plant in small amounts; xx, seeds on plant 


























in medium amounts; xxx, seeds on plant in large 
amounts. From Knott & Ball (1941). 
| S| | ie | . - 
| 2 | | 3| 3 >| 2 
FI\S| El] 8] & 
$)3| 2) 8] 2 
SCICILAL | 3 
Amaranth (Amaranthus sp.)............ sand aaiiiciilens XXX|XX |xXx 
Amsinckia (Amsinckia sp.) . > oie ae ey ee oe Ix Ix |x 
Bouncing Bet (Saponaria sp. Oe bie beers [xxx] xxx|xx x lx 2 & 
Burdock (Arctium minus).............. xxx|xxx| XXX|XXX|XXX|XXX/ xxx 
Baby Face (Lithophragma sp.)..........|xx |xx |x 
Claytonia (Claytonia sp.)...............|XXX|xxx!xx |xx 
Choke Cherry (Prunus virginiana)... ... XXX/xx |x 
Cinquefoil (Potentilla sp.) .. 2.2... 2... . .|xxx|xxx|xxx|xxx|xx [xx |x 
PT RS. sia naiew ab se kau wor XXX|XXX|XXX|XXX/XXX|XXX| xx 
Dog Fennel (Anthemis cotula)........... XXX|XXX/XXX/XXX/xXx /xXx [x 
Elder (Sambucus sp.) . eee ees |XEN/EXX]x [x 
Horehound CMavebion slgened . . «.|XXX|XXX|XXX|XXX|XXX|XxX [xx 
Iris (Iris missouriensis) . ab weee Ve Kees ne Le ek Te Re 
Knotweed (Polygonum sp. Re eee eee |MRX|NNX|AXX|XX [xx [x 
Lithospermum (hitenmeniien sp. = <setwe’ |xxx| xxx] xxx|xxx|xxx| xxx xx 
Lambs Quarters (Chenopodium sp.) ..... XXX|XXX|XXX|XXX|xx [xx [xx 
Morning Glory (Convolvulus arvensis)... . |xxx|xxx|xxx|xx 
Malva (Malva rotundifolia)........... ..|xxx|xxx|xxx|x 
Mullein (Verbascum thapsus)........... XXX|XXX|XXX|XXX/XxXx/xx [xx 
Ribes (Ribes sp.) . a - + |xxx xx 
Russian Thistle (Saleola kali iia wifolia) . . |XXxX XXX|XXX|XX |x 
Rose (Rosa sp.) . mes . . |XXX|XXX|XXX|XXX|XXX/XXX/XXX 
Snowberry iihailiitienes siclihaatalted. . XXX XXX/ XXX XXX/XXX|Xx |X 
Sweet Clover (Melilotus sp.)............ “healdiegtiicea XXX|xx |Xx |xx 
Service Berry (Amelanchier sp.).........|xxx|xx |x 
Tarwoed (AlOWNe Gb). «2 <5 os ok os cansns . [Xxx XXX|xx |x |x |x |x 
Teasel (Dipsacus sylvestris).............| XXX/XXX/Xxx|xx [xx 
Thorn Apple (Crataegus sp.)........ . |xxx! san rik SB 
Wild Lettuce (Lactuca sp.)............. ‘xxx| xxx) xxx}x 
| | | 














Spring Foods.—Droppings found in the field indi- 
eate that a considerable amount of green material, 
such as tender leaves and grass blades, is utilized 
during March and April. Waste grains are eaten in 
about equal proportion to the green foods. Some 
insects and a few weed seeds gleaned from the fields 
are consumed during this period. As the season 
progresses, however, green material decreases and 
seeds and small grain and animal matter inereases, 
the latter as inseets become more abundant. It is 
believed that insects may form the most important 
item in the diet during the month of May. 

Summer Foods.—Inseets are an important source 
of food, especially in June. Two ineubating females 
that were killed by mowers were found to have eaten 
many ants. A two-weeks-old bird found dead in a 
hayfield also contained many ants and in addition, 
two coleoptera. 

Tables 25 and 26 indicate that all the samples 
obtained during June, July, and August contained 
wheat kernels even though waste grains are less 
abundant at this time of the year than at others. 
Insects, green material, and plant seeds were taken 
in about equal amounts. Of the many foods con- 
sumed, Rubus parvifolium (Japanese raspberry), 
Claytonia sp., Lactuca scariola (wild lettuce), So- 
lanum nigrum (nightshade) seeds, and Lithophragma 
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bulbifera (baby face) bublets occurred most fre- 
quently. 

Fall Foods.—More complete data are available for 
the fall period because many samples were collected 
during the hunting season. 

In analyzing the crop contents (Table 28), it was 
found that about 80 percent of the food consisted of 
grains; wheat represented 55 percent and oats 14 
pereent of the total. Green matter represented about 
7 pereent. The animal matter consumed fell to .06 
percent. Appreciable numbers of weed seeds still 
oeeur in the diet, even though they represent but a 
small percentage of the total volume. 

Winter Foods.—Moderate winters existed during 
this investigation, and at no time was the ground 
completely covered with snow for longer than two 
weeks at a time. When snow did oceur, the par- 
tridges readily dug through six to ten inches of it to 
reach winter wheat and other green matter (Figs. 
14, 15). Under these mild conditions, the largest 
percentage of food was found to consist of green 
matter, small grains, and small quantities of various 
weed seeds. No animal matter was found in the diet 
at this time of year (Table 28). 

Field observations revealed that standing patches 


TABLE 25. 
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Fig. 14. 
snow to obtain green blades of winter wheat. 
shows the relative size of the holes. 


Holes dug by Hungarian partridges through 
The glove 


of waste grain were used for food as well as for 
protective cover. 


SumMMary OF Foop Hasits 


Other investigators have found that vegetable 
matter comprises from 94 to about 99 percent of the 
total food consumed (Table 27). Animal food, eon- 
sisting almost entirely of insects, contributes from 
1.2 pereent to 6 percent. 


Crop contents. 





ie 







































































| Summer (June, July, Aug.) | Fax (Sept., Oct., Nov.) | WuiytTer (Dec., Jan., Feb.) 
ate | | | | | ef | 
= | 4 | = | | B&B; s | 
| l32| wel sb ls2| eel sel ls2| we i SB 
ITEMS PRESENT | 2 2S | Ez | 28 ‘ 2 23 oa | ‘ ae Ze oa 
15s | $3| 5" /1 8a] 8s | 83| $31 $51] 85 | $3) 5 | Sa 
= 2~eiog wey = | PJ a 83 (2) =) : ° 
}3° | 8S] Bs | $5130] 8518s | S130 | S| 861-88 
| eo Pa ES | OA | Aa | =O | Aue OZ | RBe | F&O | Be | OG | Ae 
Wheat (Triticum sp.)............. | 10.62) 42.3 8 100.0 34.6 55.38) 25 83.06) 10.12) 33.91 4 18.1 
Gate (Agiee Oi). ss... 00s cc eevee | | 8.9 | 14.06) 11 | 36.66) 1.40] 4.68) 1 | 4.5 
Barley (Hordeum sp.)............. [a ae 12.5 | 6.0} 9.62) 2 6.66} 8.50} 23.46) 1 | 4.5 
SRR ie aaa a aerate 6:1) 9.72).4 1 ae 
PO I Soo aes cas one ea oe | 1.15) 4.6] 4 | 50.0} 4.0 | 6.89) 20 | 66.66) 8.67) 29.03) 18 | $1.8 
Japanese Raspberry (Rubus | | 
SNRs os Paiesckwd 3.32) 13.3 | 3 | 37.5 | | | 
Claytonia (Claytonia perfoliata)... .. .92| 3.7 3 | 37.5 
Wild Lettuce (Lactuca scariola)..... 04). 3.9:1.. 4. Ret R22 444 4 || 13.33 
Nightshade (Solanum nigrum) ...... .82} 3.3 1 12.5 | | 
Baby Face (Lithophragma bulbifera) . -78} 3.1 5 | 62.5 | 
Caragana (Caragana arborescens)....| .40) 1.6) 1 12.5 | | 
Alfilaria (Frodium cicutarium)...... ge. se? Soe 12.5 | 
Pepper Pod (Platyspermum 
NOEMIVOUIEY ooo 58 sco a eae -02 mi el ee 12.5 | 
Amsinckia (A msinckia intermedia). . . .02 wk 1 12.5 
Blue Lips (Collinsia tenella)......... -03 ak 1 12.15 | 
Henbit (Lamium amplezicaule)...... -03 A 2 12.15) -06; .10 1 3.33 
Knotweed (Polygonum Convolvulus) . 03} «1 I {Ree .14 22) 4 | 13.33) 1.11) 3.72)- 3 | 13.63 
Wild Oats (Avena fatua)............ 1.45) 2.32) 4 | 13.33 
Sunflower (Helianthus annus) ....... -20 .32 1 3.33 
Amaranth (Amaranthus sp.)........ | | -08} ae 3 9.99 
Miscellaneous grass seeds........... 05; .08) 2 6.66 
Potentilla (Potentilla sp:)........... | 03} .04, 1 | 3.33 
Mustard (Sisymbrium altissimum). . . OB. GG. 2 4.54 
Undigested material............... 32, 1.31] 3 | 37.50] 
(Ree | .02|  .04 3.33 
NS er Fis we we eveedieais OR ce .00| ..3 | 37.50 13.33} .03}; .09) 1 4.54 
MS sctsad oacceerd sade a'aceeteen 3.32) 13.03) 5 | 62.50 37) 60} 4 
NuMBER OF Birps................. EIGHT THIRTY TwENTY-T wo 
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TABLE 26. Gizzard contents. 
| | 
| Summer (June, July, Aug.) Fa. (Sept., Oct., Nov.) Winter (Dec., Jan., Feb.) 
> | © | | © | | : 
= & | 2 | = & R | E & n 
Se | wm | SE | SS ae 2 | See | tom | SE 
CoNnTENTS | © aan SE] 2M | o a SE ee . 2 £E | 2a 
| 5c | 23/3" | 83| 55 | 83/3" | 83] 8s | 83 | 38 | 8s 
|}s~ | 85 | 38s] 55] s- BS | 8s | 52 | 2° So | 85 | 5s 
pPO;RR | OA) RR |) SO) RR | OA] BR |) SO | BR] OZ | A 
aks 
I Se eae sci k's Cae. | 5.70 | 48.18) 8 |100 (64.68 | 58.84! 50 |100 136.46 | 71.97| 26 |100 
Digested material................ 3.02 | 25.57; 8 {100 (22.35 | 20.31 ? | 7.20 | 14.21) 14 | 53.84 
Japanese Raspberry (Rubus 
MONEE <5... coc ones ead aes 1.07 | 9.06; 5 | 62.5 | | | 
WOES Coa co oe aby yas Can eset 1.05 | 8.88) 3 62.5 | 6.39 | 5.81) 28 | 56 |0.30] .59| 2 | 7.69 
to i eres tne .20 1.69 1 12.5 | 
Claytonia (Claytonia linearis). ...... .12 1.06, 4 | 50.0 
Baby Face (Lithophragma bulbifera) .. .12 | 0.97 2 | 25.0 | | 
Claytonia (Claytonia perfoliata)... .. -11 0.93 4 50.0 
Nightshade (Solanum nigrum)...... 11 0.93 1 12.5 | 
Blue Lips (Collinsia tenella).......... .07 | 0.63 2 | 25.0 | 
Knotweed (Polygonum sp.)......... OG: O.42. 2.1 S68 | 48 22; 4 | 18.3 1.05 | 2.08) 4 15.38 
Snowberry (Symphoricarpos sp.).....| .05 | 0.42) 2 | 25.0) .12 sd 6.) JOR AF] G28 =.:2 | 11.53 
Caragana (Caragana arborescens) . . . -| .03 | 0.21 L | 12.57] 
BSI & ts Ree kere eetarey! .02 |} 0.21 : Pee] 
Lithospermum ruderale............. .025 21 lL | 12.5 |~ .025) .02 1 2 025 -05 1 | 3.84 
Tar Weed (Madia racemosa). ....... .025 21 lL 1 12.8:1 2.409)... 1 - ae 
Sunflower (Helianthus sp.)......... 500}. 45 1 ) | | 
aa ge a, er BOS Ee ae ah 8 10 oo. aaa Sal pee 
NL 5 Diy en 2 iis Bab eatals Sas See | .300 an 2 t 
Fn ETE OEE Ee ian. ae $$ 16 .05 J 2.) BO 
Wheat Grass (Agropyron sp.).. . . -100;} = .09 1 2 
Cheat Grass (Bromus inermis).... .. .075 .. (oe 6 .10 19 2 | 7.69 
Sweet Clover (Melilotus sp.)........ -050 04; 2 4 
Barberry (Berberis sp.)........ .025 -02 1 2 
Rose (Rosa ear daaila css gs .025 .02 1 2 | 
Lithospermum (Lithosper mum | 
ruderale)......... Faas .025 -02 l 2. | 6a .05 1 | 3.84 
Burdock (Arctium minus). : .025 -02 1 2 
Morning Glory (C ‘onvolvulus arvense). 025} .05| 1 | 3.84 
Geeen Material... ...05 300.620.0035 .025 oat l 12.5. |12.500} 11.35) 26 | 52 | 5.235] 10.33] 17 | 65.38 
SER EE Re ga are . 150 14 1 a4 
AR SS pear Rin ee eine ea arty -025 21 1 12.5 .275 25] 5 10 
NUMBER OF Birps....... E1c HT Firty Twenrr- Six 
TABLE 27. Results of previous food studies. 
VEGETABLE Foop 
Per- ‘i PPh a EE 5 
No. of | cent seeds oi | 
Birds |Animal Trees, | Miscel- 
Studiec| Food | Grain | Weeds, |laneous} Brouse E roa) Authority 
(%) |Grasses| (%) (%) 
(%) & 
80 6 47.9 | 20.4 | 5.3 | 20.4 | 94.0 | Kelso 
(1923) 
9 1.2 38.4 | 10.3 25.3 24.8 | 98.8 | Leftingwell 
(1931) 
53 41.5* | 67.9 | 83.0 71.7 Yeatter 
(1934) 
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Analyses of crops revealed that vegetable matter 
comprised all of the winter food. Field observations, 
and in addition the analyses of a few stomachs, indi- 
eate that vegetable matter may constitute 75 percent 
or less of the spring diet, while animal matter forms 
25 perecnt or less. Inseets continue to have an im- 














*Percentage of occurrence of total number of stomachs examined. 


portant place in the summer diet since they constitute 
13.04 percent, but they represent less than one per- 
cent of the fall food (Fig. 16). Partridges are essen- 
tially gleaners and obtain most of their food from 
open fields. 

WATER 


Water requirements of Hungarian partridges ap- 
parently are met by heavy dew and suceulent food, 
especially during the forepart of the summer. As 
the summer progresses, the Palouse region becomes 
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TABLE 28. Seasonal food 
total crop volumes. 


items. Based on percent of 





VEGETABLE Foop 


Animal 


Season Food Grass & 7 
Total | Grain | Weed | Green Grit |Miscel- 
Seeds Matter | laneous 
Summer .| 13.03 | 86.77 | 42.45 | 38.41 4.60 | .30 1.31 
Fall. . 0.06 | 95.72 | 88.83 3.68 6.89 00 -00 
Winter ..| none 99.91 | 62.05 3.81 | 29.03 | 09 none 
Spring* 25.00 75.00 35.00 | 20.00 18.00 | 


*Percentages of the spring months ar? i cena tical and based upon 
field observations plus a few crop analyses. 


very dry and warm, which results in less dew and 
the drying up of most of the vegetation. During the 
middle of the day, most broods concentrate along 
the brushy draws where water can be obtained from 
seepage or pools which have not completely dried 
up. A few broods, however, have been observed far 
from available water, and like partridges in Mich- 
igan (Yeatter 1934), these young and adult birds 
appear to survive on succulent vegetation and insects. 


OBJECTIONABLE Foop Hasits 


The author has heard several complaints voiced 
against the partridge in the Palouse region as a dis- 
seminator of noxious weed seeds, especially the wild 
morning glory (Convolvulus arvense). There has 
been no evidence, to substantiate these com- 
plaints. It seems unlikely that such seeds would be 


however, 
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viable after passing through the digestive tract. 
Convolvulus arvense seeds oceurred in one gizzard 
only which indieates that they seldom utilize this 
seed for food (Table 26). 

Damage to apples in the college orchards caused 
by Hungarian partridges has been reported. On 
October 10, 1940, the writer observed a covey of 
huns fly from an apple tree where they had been: 
eating the fruit. This marks the only time when 
the author found huns in trees. Examination showed 
that slight damage was done. Such feeding habits 
appear to be very unusual. It is apparent, however, 
that appreciable damage might be done occasionally 
in orchard areas supporting a large population of 
Hungarian partridge. 

Dur:ng the winter and early spring months, the 
borders of winter wheat fields adjacent to desirable 
cover are favorite feeding areas. During March and 
April areas are found frequently where blades of 
wheat are eaten to the surface of the ground, some- 
times for 10 to 15 feet from the edge of the field. 
This not noticeably retard the growth or 
duce the ultimate quality of the crops. Less wheat is 
eaten after other matter and insects become 
more available. In no cases have partridges been 
noted to strip ripening grains from the stalks; waste 
grains however, are gleaned from the fields through- 
out the year (Fig. 16). 

Field observations and among farmers 
conelude that this game species is far more beneficial 
than injurious to agriculture in this region. 
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POPULATION STUDIES 


In several counties of eastern Washington, par- 
tridges appear to have multiplied very rapidly soon 
after the first liberations were made. According to 
all reports, exceptionally high densities were reached 
during the 1920’s, but no definite figures are available 
to substantiate these claims. W. R. Hancock, travel- 
ing supervisor of the Washington State Fish Hateh- 
eries, stated that huns were so numerous in the 
Colville River Valley in Stevens County, 1926 to 
1928, that a bounty on them was seriously considered. 
The population diminished soon thereafter, however. 
At the present time only seattered coveys are left 
of the large population that existed in the vicinity 
of Colville, although a moderate density is found in 
the Colville Valley near Chewelah. 

A review of the hunting dates and bag limits for 
Okanogan County (Table 29) indicates population 
changes that occurred there from 1922 to 1938. Ae- 
cording to reports from the Washington State Game 
Department, this county has been one of the best for 
Hungarian partridge in the State of Washington. 

















TABLE 29. Hunting season records for Okanogan 
County, 1922 to 1938. 
} | 
; Number of Bag i] | Number of Bag 
Year | Hunting Days | Limit Year Hunting Days Limit 
OSES 2 eet Net TEs A a RT ee 
1922 15 5 1931 | closed | 
1923 | 27 7 |} 1932 closed 
1924 41 10 | 1933 closed 
1925 56 6 || 1934 closed 
1926 8 6 1935 | 10 “jump dates” | 5 
1927 closed 1936 | 10 “jump dates” | 5 
1928 closed 1937 8 “‘jump dates” 5 
1929 | 6 3 1938 | 8 “jump dates” | 5 
1930 closed 














The maximum density of huns appeared to have 
been reached in Okanogan County between 1923 and 
1927, followed by a rapid decline and closed seasons. 

Previous to the severe winter of 1936 and 1937, 
large populations of huns were reported in Whit- 
man County. Weather records show that the monthly 
mean temperature for January 1937 was 11.09° F. 
with a minimum of —21° F. and a total snowfall of 
41.5 inches. February was not so severe; 23 inches 
of snow fell that month. Many birds, dead from 
exposure and starvation, were reported found in 
fields and around farm buildings. Farmers relate 
instances where 50 and 60 birds were known to gather 
around feed lots and chicken pens to secure food. 
Aeceording to Norman Knott, State Game Biologist, 
this continued cold weather and deep snows seriously 
depleted the upland game bird populations in the 
Palouse region. 

Favorable winters since then have accompanied 
the increase of Hungarian partridges in the Palouse 
region. The combination of deep, crusted snow and 
freezing temperatures for a long period of time is 
believed to be one of the controlling factors of the 
partridges in this region. 

Knott & Ball (1941) state: 
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“When the most severe winter conditions ex- 
isted, such as deep crusted snow, with freezing 
temperatures, Hungarians show no tendeney to 
utilize the type of emergency foods taken by 
pheasants, such as Crataegus and Rosa.” 


Under such conditions, they are dependent upon 
uneut grains or weeds standing above the snow, arti- 
ficial feeding and food found in barnyards, ete. 
The necessary grit as previously mentioned would 
also be unavailable except that which could be picked 
up along the roads. 


Census METHODS 


Direct counts of game bird species were taken on 
the study plot with the aid of students enrolled in 
game management courses at Washington State Col- 
lege. The driving method was used whereby men 
stationed 20 paces apart walked abreast in strips 
over the area. Counters were stationed at both ends 
of the line to note the birds which were flushed and 
to observe their direction of flight so as to lessen the 
error of recounting birds flushed twice. The drivers 
also recorded birds flushed to their right and later 
checked with the counters. 

Open fields and little brush cover made the census 
quite accurate for huns but less so for pheasants. 
A good bird dog was found to be very satisfactory 
in making censuses before and after hunting seasons 
when the birds were in ecoveys, but the driving 
method is better for prenesting censuses when the 
birds are paired and quite tame. 

Similar censuses were also taken on the state plots 
(Table 30). 

The Pullman study plot supports over twice as 
many breeding partridges as either of the two state 
plots. The reasons for this are not known, for all 
of the areas appear to be equally suitable for this 
species. The census figures indicate that the par- 
tridge population is increasing throughout the county. 


Frock Stupies 


After the last of August, coveys were no longer 
considered to be true family groups because coveys 
apparently combine at this time. 

An interesting correlation exists between the two 
fall covey figures. In both eases a slight inerease 
in covey size occurred during September and October 
which is probably due to small coveys and unsuccess- 
ful pairs joining with other coveys. During the 
fall and winter of 1940-41, there was a gradual de- 
crease in covey size after October owing to various 
mortality factors (see Fig. 17). A deerease of 
approximately 1.5 birds in the size of the covey takes 
place from October to the spring breakup. Records 
were kept of all coveys observed in the field both 
on and off the study plot. At the end of October 
1941, a total of two hundred flocks were recorded. 

Hammond (1941), in using covey counts to meas- 
ure mortality rates in North Dakota, found that for 
the years 1938-39 and 1940-41, a deerease of 2.51 
and 1.86 birds, respectively, occurred in coveys be- 
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TABLE 30. Census figures for the study plots. 
CENSUSES 
Plot Species Year Prenesting Prehunting Posthunting 
No. No. | No. | 
Birds Density Birds | Density Birds Density 
Pullman — (Study Plot). .| Huns......... 1940 100 | l per 13.96 A.) 323 lper 4.3 A. | 295 | lper 4.73 A. - 
1941 110 | lper12.70A.| 340 | lper 4.1A. |} 306 | lper 4.554. 
| | 
Celt Pier ss occ Ne 1940 88 | 1 per 29.40 A.) 101 | lper25.3A.| 87 | 1 per 28.8 A. 
1941 Be son AG vig) 8 see 171 1 per 18.7 A. cad dae oe eer 
Rosalia Plot*....... ie ee) MS Lees: oO Ee Ses ie 8 Boia ae 
| | | 
Pullman — (Study Plot)..| Pheasants. .... | 1940 12 | lperl60A. | 35 | 1 per 42.9A 30 | 1 per 48.8 A. 
1941 es ES, eae 50 | 1 per 28A | 35 | 1 per 40 A. 
CG WING cdc Pheasants. ....| 1940 48 | 1 per 53.3 A. 169 | Lper15.15A.| 54 | 1 per47.5A 
RPL (2 Ege ew oe oR a - 137 | 1 per 13.54. Be (ero ess er ane ee 
ee Pheasants. .... 1940 36 | 1 per 71.2 A. Bie, Gabe. es See 
| | 
Coton FO oc: oe Valley Quail. ..| 1940 t 1 Speeeee aA. TSB) here ae a Se eB is She. 
A sate Saaee pealtenne 27 BO iso oo eee tend wee 
sea Bobwhite......| 1940 S20 US en cis eee ines cube!” aul biel steep a'met er 
*Figures taken from Knott and Ball (1941) 
~s 30). The abnormal wet period during the time of 
ad hatching is believed to be partially responsible for 
. the decrease in brood sizes in 1941, but the increase 
as in population is accounted for by a higher percentage 
of successful nests. The hunting season covey counts 
9.25, (1940 and 1941) made on the study plot show defi- 
2 nitely that more coveys were present per unit area 
9.0 , 1940 & 4! in 1941. 


Average No. of Birds in Coveys 


























8.75. TABLE 32. Number and size of coveys on the study 
plot previous to hunting, 1940 and 1941. 
8.5} 
Number of Number of | Average Size 
625, S Year Coveys Birds of Coveys 
8p 2s l nl 1 1 ES 35 323 9.3 
Sept. Oct, Nov. Dec. Jom ME in aia | 40 | 340 8.5 
Fie. 17. Study of Hungarian partridge covey sizes. | 
*Point where coveys break up into pairs. 


tween September and the time the birds paired 
during the middle of February. 

From Table 31 it can be seen that the average 
1941 fall covey sizes were noticeably smaller than 
those of the previous year, although a larger county 
population seems evident (see census figures, Table 























MORTALITY FACTORS 


Hunting MortTa.ity 


The Washington hunting seasons of 1940 and 1941 
on upland game birds included eleven jump dates 
between October 20 and November 11, and October 
19 and November 11, respectively. The daily bag 


TABLE 31. Average size of fall and winter coveys. limit on Hungarian partridge was 5 birds; the pos- 
gare i session limit was not over 10 birds at any one time. 
Number of Number of Average S é 

ee |Coveys Counted} Birds Counted | Covey Size To obtain accurate kill figures for the 1940 season, 
ve l the State Biologists, with the aid of Washington 
| 9 40-41)Pall °41/1940-41)Falll "41/1940-41/Fall “41 State College game students, placed checking stations 
September....... | 98 21 262 170 | 9.40 | 8.1 around a large plot consisting of 33,334 acres of 
October.........) 44 | 40 | 428 | 340 | 9.73 | 8.5 typical bird area north and west of Pullman. Through- 

November.......| 39 | 346 8.90 | : : 
i ae ae | = ix | out the season hunters were checked in and out of 
January.........| 48 | 397 8.30 | the area. In this manner a quite complete record of 

| | 








all birds taken off the area was available. 
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The results show that 1,277 hunters coming onto 
the area killed 202 huns and 787 pheasants (Knott 
& Ball 1941). It was estimated that 148 landowners 
killed 51 huns and 200 pheasants. <A total of 253 
huns were killed on the area, or one bird per 132 
acres, as compared to 987 pheasants killed, or one 
bird per 33.9 acres. 

The census figures (Table 32) on the study plot 
show that approximately one partridge per 50 acres 
was shot during the 1940 season as compared to one 
bird shot per 39 acres in 1941. The State Game 
Biologists also report a higher 1941 kill on the state 
plots than during the previous year. 

Fewer huns are killed annually by the hunter’s 
gun in the Palouse area than are pheasants, even 
though there is a larger population of huns. The 
swift flight of partridges, the type of cover they 
utilize during the season, and the fact they often 
flush out of range, makes them a very difficult bird 
for most hunters to get. Generally speaking, hunters 
do not specifically hunt Hungarian partridges, but 
usually shoot at them incidentally while pheasant 
hunting. 


Nest Morta.ity 


Nest losses were found to be one of the most im- 
portant factors in the welfare of the hun in the 
Palouse region. Further diseussion of this factor 
will not be entered into here beeause it has been 
covered under Nest Studies. 


ACCIDENTAL DEATH 


Accidental death rates are high among nesting and 
juvenile birds as previously mentioned. 

Crouse (1941) made a road-kill study of 46 miles 
of paved Whitman County road, Federal highway 
195, between Pullman and Rosalia. From March 
1940 to March 1941, a total of 121 counts were 
made (an average of approximately one trip every 
three days). Table 33 presents a summary of the 
data gathered. 


TABLE 33. Number birds killed per mile on paved 
road per year (46 miles), Whitman County. 








; Total Number Miles per Bird 
Species ci Killed 
Hungarian partridges.......... 11 8 aes 
Ring-necked pheasants......... 82 0.46 
Total Birds........... er a eee 








From the above table one can readily see that 
road kills are relatively unimportant in relationship 
to Hungarian partridge abundance in this region; 
they are more serious, however, in the case of the 
ring-necked pheasant. The writer has noted no par- 
tridge casualties attributable to cars along the see- 
ondary roads of eastern Washington. Hammond 
(1941) in North Dakota found that losses due to 
automobiles between September and Mareh 1940-41 
totaled 1.06 birds per covey. He attributes this to 
partridges frequenting the highways for gravel. 


CHARLES F’. Yocom 





» 


». « 


Ecological Monographs 
Vol. 1: Yo. % 


Fences and other wires are not such important 
hazards in this country as in the Middlewest because 
there are comparatively fewer of them. An occasional 
bird, however, is found dead as a result of flying 
into a fence or into telephone wires. 


PREDATORS 


Usually the cause of death of birds found in the 
field is very difficult to determine. For this reason 
the writer was very cautious not to account the death 
to a certain predator unless it was seen in the aet 
of making a kill, or sufficient evidence was present 
at the scene of the kill to warrant such a conelusion. 
Usually the mortality could be traced to a mammal 
or a raptorial bird. 

The few records of birds found killed and other 
field observations indieate that losses as a result of 
predation are relatively insignificant in the Palouse 
region. The following summary of the data col- 
lected on the study plots shows the number of Hun- 
garian partridges killed by various predators: 


Mammals 
Undetermined mammals Ja 
Coyote . peed vine oe 
House eat See hk. ce ae 


Birds of Prey 


Une@etermmed Wards ........ 2.66.6... 8 
MI TES 8 CaS vat doe a we Ge are 2 
MO EN 2k ce hdl we See eens 2 
I IE ot gee Oe ae 1 
NIT em ond Coan nae obey 3 
WN 58 erage pie Cho a he ne eg hae 23 


Of the predators, the birds of prey (because of 
their larger numbers) seem likely to be the most 
serious to partridges. A horned owl’s (Bubo virgin- 
ianus) nest found in the vicinity of Colfax contained 
one partially eaten female partridge and the remains 
of five male pheasant legs. Six horned owl stom- 
achs were examined by Knott & Ball (1941). Two 
stomachs contained portions of Hungarian par- 
tridges, and one stomach contained traces of pheasant. 
Kills found in the field have been definitely attrib- 
uted to the work of this species. 

Marsh hawks (Circus hudsonius) nest in the 
Palouse region, and the species may be seen at all 
times of the year. These hawks have been observed 
to kill half-grown pheasants, but no instance of their 
capturing partridges has been witnessed. Coveys of 
partridges, however, will often fly hurriedly from an 
approaching marsh hawk. More studies need to be 
made to ascertain the actual relation of this hawk to 
partridges and other game birds in this region. 

Prairie faleons (Falco mexicanus) are not uncom- 
mon over this region. They appear to be more 
numerous in the vicinity of Pullman during the fall 
and winter months. Throughout the spring and 
summer seasons they are a common sight along the 
canyons of the main streams where they nest. 

On January 7, 1941, a faleon was observed to 
dive upon a covey of huns feeding in a snow-covered 
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field adjacent to a pateh of standing wheat. The 
covey hovered to the ground until the faleon had 
swooped upon one of them, then the flock flew. 
The faleon left only the femur, a few wing and body 
feathers, and the head of which the eyes and the 
skin were eaten. Three mortalities on the study 
plots were definitely attributed to this species; how- 
ever, field observations indicate that several of the 
questionable kills may have been the work of this 
bird. 

A eooper hawk (Accipiter cooperi) collected near 
Whelan, Washington, contained portions of a par- 
tridge among the stomach eontents. 

Field observations did not indicate that the Colum- 
bia ground squirrel (Citellus columbianus columbi- 
anus) preys upon partridges of any age; they are 
known to take an occasional egg, however. Weasels 
are rather abundant throughout the Palouse region, 
but no field data are available to indicate that the 
weasel preys upon partridges. 

A few birds are known to be killed by dogs that 
have the habit of roaming the fields. Nesting birds 
are believed to be bothered very little by dogs, for 
a well-trained Irish Setter bird dog was unable to 
deteet partridges or pheasants on their nests. 

Vandering cats are generally believed to be seri- 
ous predators of wild game. To determine the ex- 
tent of their preying upon upland game birds in the 
Palouse region, 34 eats running at large were col- 
lected throughout the year of 1940 (Knott & Ball 
1941). Analyses of the stomachs revealed that the 
bulk of the food consisted of field mice (Microtus 
sp.). The species of birds eaten consisted of 5 song- 
birds and 2 young ducks. No trace of gallinaceous 
species was found. Field observations, however, 
show that cats do kill both partridges and pheasants. 

The coyote (Canis latrans) is far from uncommon 
throughout the Palouse region even though a preda- 
tory animal control program is continually waged 
against it. The exact extent of its predation against 
game birds in the Palouse region is not definitely 
known. Predatory animal control men assert that 
quite a few game birds are taken by coyotes, and 
Knott & Ball (1941) have found pheasants killed in 
fields with coyote tracks offering the only evidence 
as to the killer. 

Fifty-seven coyote seats collected July 1940, within 
an area of one mile, in the vicinity of Rosalia, Wash- 
ington, were analyzed in the State Game Laboratory 
at Pullman (Knott & Ball 1941). A summary of 
the data showed the following percentages of mate- 
rials eaten: 


PUM: WRN oe ee ae 47.5 % 
Flesh, skin and cartilage ............... 61% 
Bone ... Se Cane aI y fee Bo ees Ste aa 18.4 % 
MIRE Co. ts oa ae ee a sine 9.3 % 
MER Ce oi oie 2 eS ee ena 18.1 % 
mene ot eae eee 0.07% 
DEORE: 82 RE ES 0.53% 


Traces of partridge feathers oceurred on one seat, 
but this does not necessarily prove that the bird was 
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killed by the coyote, as the partridge could have 
been eaten as carrion. Most of the bird remains 
were those of domestic chickens. Traces of pheasant 
were found in one dropping. The results of this 
preliminary investigation bear out the studies made 
by Sperry (1941) on the food habits of this species. 

Sperry (1941) in his food habit study of the ecoy- 
ote states: 


“Sweeping charges that the coyote is responsible 
for wholesale and widespread destruction of game 
birds are not borne out by the stomach analyses, 
as remains of game birds were found in but 3 
pereent of the stomachs and contributed, less than 
one pereent of the total food. ... This food 
item, although taken every month of the year and 
in all 17 states represented, except Missouri and 
Wisconsin, is too small to be of importance to 
the coyote, but in restricted local areas may be a 
vital factor in the density of a game bird popula- 
tion, such as that of the sage hen.” 


The author is of the opinion that the partridge 
suffers little from mammal predation in this section 
of the country. The partridge’s custom of remaining 
in eoveys throughout the greater part of the year is 
undoubtedly an aid in detecting enemies. Their habit 
of roosting in small bunehes in relatively open cover, 
and because they can quickly take to wing are great 
advantages in eseaping night predation. 


PARASITES AND DISEASES 


No mortalities found in the field throughout the 
2-vear study could be attributed to parasitism or 
diseases; furthermore, autopsies of partridges col- 
leeted for food habits revealed no parasitic infesta- 
tions. 

Heterakis gallinae (eaeeal worm) is the only 
endoparasite that has been found to infest the par- 
tridge in the Palouse area of Whitman County, Wash- 
ington. Brugger (1941) examined 104 birds, 68 in- 
dividuals of which were from the vicinity of Pullman. 
Several of the 68 specimens were collected on the 
study plot and used in this investigation. Caeeal 
worms, the only endoparasite found, oceurred in lim- 
ited numbers in three specimens only. 

In contrast to the situation in partridge, this para- 
site was found by Knott & Ball (1941) to infest 
roughly 60 pereent of adult ring-necked pheasants 
(Phasianus colchicus torquatus) and about 70 per- 
cent of the juveniles. Ormsbee (1939) found an 
incident of 38 pereent among pheasants in this 
region. 

Although no coceidiosis (Eimeria sp.) have been 
reported in Hungarian partridges in this section of 
the country, Ormsbee (1939) identified three species 
of Eimeria in the ring-necked pheasant. It is possible 
that coccidia may attack partridges occasionally. 

It might be expected that the common gape worm 
(Syngamus tracheas) might, under favorable condi- 
tions, cause partridge losses, for frequent deaths 
occur among pheasants at game farms during wet 
weather. This parasite has not been found in wild 
partridges or pheasants in Whitman County; it has 
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been observed, however, in pheasants released from 
game farms (Knott & Ball 1941). 

Further study is needed to specifically determine 
for the relative freeness of diseases and 
parasites among the partridge populations in this 
area despite frequent occurrences among pheasants 
and farm poultry. Brugger (1941) believes that the 
combinations of long periods of sunshine and fallow 
fields has a “sterilizing” effeet which reduces the 
likelihood of spreading diseases to partridges in the 
open fields. 


reasons 


MANAGEMENT 


To enable any game bird species to maintain and 
establish themselves in any given locality, certain 
minimum requirements must be met by the existing 
environment. Generally speaking, game managers 
consider these requirements as places for feeding, 
hiding, resting, sleeping, playing, and raising young 
(Leopold. 1933). Management of a game animal 
means to control the population of a given species 
by manipulating some of these environmental factors. 
The most important requirements are probably food, 
protection, and places to breed. Most of the en- 
vironmental factors are favorable for the welfare of 
the partridge in the Palouse region except proper 
nesting cover. By improving this factor larger pop- 
ulations of this species could be maintained in eastern 
Washington. 

Nest studies reveal that over 58 percent of the 
total nesting attempts observed were in _hayfields. 
Eighty pereent of these were unsuccessful because of 
hay harvest. Overgrazing of pastures and plowing 
of fence rows, as well as the destruction of waste 
cover by fires at the time stubble fields are burned, 
are believed to account for the high concentration 
of nests in alfalfa fields. 

To correct this loss of nests the following is 
recommended : 


1. Take measures to maintain unburned fence 
rows, roadsides, and waste areas not used for 
agriculture. 

2. Fence areas around draws to prevent livestock 
from trampling vegetation vital in erosion ¢on- 
trol as well as nesting. 

3. Reduce overgrazing and burning of the nat- 
ural grassland pastures. 

4. Plant shrubs and sweet clover or alfalfa along 
ditches adjacent to agricultural land to pre- 
vent excess washing and further deepening of 
such. draws. 

5. Reserve brush spots and unused corners when 
possible. 

6. Plow stubble fields as early as possible (before 
April 25) so as to prevent early nesting at- 
tempts in such cover. 

7. Use flushing bars when mowing hay crops. 


This would also increase protective cover available 
for the huns during the winter months when preda- 
tion appears to be the heaviest. 

In this region food availability is adequate to sus- 
tain the partridge through average winters, especially 
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mild winters such as existed during the study. Hard 
winters, however, such as 1936-37 severely deplete the 
total population so that the species suffer a setback 
for several years. 
During winter months the hun population may be 
protected by the following practices: 


1. Planting food patches in 
concentrations. 

2. Leaving a strip of uneut grain around the 
edges of fields, especially along draws and 
fence rows supporting good protective cover. 

3. Providing available grit during periods of 
deep, crusted snow. Partridges do not substi- 
tute Crataegus and Rosa seeds when grit is 
available. 

4. Setting up 
weather. 


areas near winter 


feeding stations during severe 


SUMMARY 


1. Whitman County, Washington, contains approxi- 
mately 1,386,880 acres of which 97.3 percent of the 
land is reported in farms. 

2. Within the last 10 years the average size of 
Whitman County farms has inereased from 495.5 to 
532.9 acres. 

3. Wheat and pease are the principal crops grown. 

4. Native or permanent cover varies from 12 per- 
cent in the southern part to 32 percent of the total 
cover in the northern part of the county. 

5. Hungarian partridge sex ratios were approxi- 
mately even; of the 137 individuals sexed, 68 were 
males and 69 were females. 

6. The adult Hungarian partridge males averaged 
386 grams and adult females 367 grams. Maximum 
and minimum weights of all healthy adult males 
were 419 grams and 360 grams, respectively. Maxi- 
mum and minimum weights of all healthy adult fe- 
males were 407 grams and 320 grams, respectively. 

7. Sexes ean be distinguished most accurately by 
the markings on the wing ecoverts and the so-called 
shoulder feathers. In the adult male, a single longi- 
tudinal buff stripe extends from the tip of the 
feather to the quill; in the female, cross bars run 
out from the longitudinal stripe. 

8. The reddish tails distinguish Hungarian par- 
tridges in the field from all other gallinaceous birds 
native to this region. 

9. Immature birds ean be distinguished from adults 
by the distinctly yellow-tinged legs and by the pointed 
two outer primaries. The two outer primaries may 
remain pointed until the second autumn. After the 
second autumn they are rounded. 

10. The swift flight, consisting of alternate glides 
and rapid wing beats, is generally in a straight line 
to the nearest knoll where they usually diverge to 
the right or left before alighting. Hungarian par- 
tridge coveys usually continue to fly from cover in a 
group even after being flushed several times. Dis- 
tanees at which huns will flush varies considerably; 
it depends upon the time of year and the type of 
cover. 
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11. Seventy-five percent of the winter coveys were 
estimated to have a cruising radius of a quarter of 
a mile. Few winter coveys have a cruising radius 
of one-half mile. The yearly eruising radius of a 
marked bird and her mate was known to be seven 
eighths of a mile. 

12. During the summer and early fall months, 
Hungarian partridges concentrate along fence rows 
and draws having favorable cover, preferably near 
available water. 

13. Partridges do not respond to reserves as readily 
as ring-necked pheasants. It is likely that their swift 
flight and habit of living in open fields provides 
sufficient protection if hunting is not too great. 

14. Bunechgrass areas, waste land, pastures, and 
edges of brushy patches along the main valleys are 
used by Hungarian partridge more during the win- 
ter months than at other times. 

15. California introduced the first huns into the 
western states (1877). The first introduction of huns 
into Washington oceurred about 1897, but the first 
successful plants of these birds in Washington ap- 
parently were made after 1906. 

16. The first huns (25 pairs) liberated in Whitman 
County (1914) were made possible by a subscription 
collected by Jesse Neal from the townspeople of 
Colfax, and the ranchers in that vicinity. 

17. The ranges suceessfully occupied by the Hun- 
garian partridge are restricted in general to the wheat 
belt of Canada, the Pacifie Northwest, the northern 
plains states, and the rich agricultural sections in 
the Great Lakes region. In Washington, the Hun- 
garian partridge is found from an elevation ap- 
proaching sea level west of the Cascades to elevations 
above 5,000 feet east of the Cascades. Elevation in 
itself seems not to be a controlling factor in the 
spread of the hun, but mesophytie forests limit the 
altitude at which the species may be found. 

18. Changes in farm practices and not the Hun- 
garian partridge are believed to have been largely 
responsible for evicting the Columbia sharp-tailed 
grouse (Pedioecetes phasianellus columbianus) from 
most of the Palouse region. The partridge may have 
affected the remnants, however. 

19. Fighting frequently oceurs among the males 
during the mating season; however, none of them 
seem to get seriously hurt. 

20. The winter coveys were noted to break up into 
mated pairs during the first week in February. 
Pairing is intensified by a period of warm weather. 

21. The Hungarian partridges are paired for 
nearly three months before any nesting activity 
starts. 

22. Nest building in the Palouse region is at its 
height during the last week of April and the first 
week of May. 

23. Dimensions of the nest bowl, which is dug into 
the ground, are about 6 inches in diameter by 1.5 to 
3.5 inches deep. Generally the nest is lined with coarse 
vegetation from the previous year; grass blades and 
leaves are placed on top of that; very few feathers 
are used. 
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24. The eggs are kept covered while the clutch is 
being laid, except the first egg which is left uneov- 
ered. From 10 to 22 uniform olive-brown eggs are 
usually laid. Two females will sometimes deposit 
eggs in a single nest. Ring-necked pheasants parasi- 
tized 7.46 pereent of the Hungarian partridge nests 
found. 

25. The female does all the ineubating. The in-. 
cubation period is from 21 to 24 days; 23 days prob- 
ably is the usual time. 

26. The 1940 and 1941 hatching peaks varied by 
one week; the 1940 peak was reached during the 
second week in June; the 1941 peak occurred during 
the first week in June. 

27. Warmer temperatures accompanied by more 
clear, dry days during the prenesting season may be 
the main faetors accounting for earlier nesting. 

28. A total of 68 nests were studied during the 
two vears of investigation. 

29. Dragging a rope in an attempt to find nests 
proved to be a very unsatisfactory method in the 
Palouse region. 

30. The average distance of nests from permanent 
cover was 323 feet. Sixty-three percent of the total 
nests found were situated in hayfields, which com- 
prised only 3.28 pereent of the land in farms. Ap- 
proximately 25 percent of the partridge nests in the 
Palouse region are estimated to be placed in hayfields. 

31. The following causes have reduced the desirable 
permanent nesting cover: (1) overgrazing of pastures, 
(2) continual elimination of fence rows, (3) destrue- 
tion of permanent cover sites by action of rodents, 
(4) changes in farming practices. 

32. Over 67 percent of the total observed nests 
were unsuccessful. Farming practices caused 84.7 
percent of these nests. There were 10 percent more 
suecessful hayfield nests during the spring of 1941 
than during 1940. Earlier nesting and the very wet 
weather which delayed the haying season account for 
this. Hay cutting in the Palouse region usually ¢o- 
ineides with the latter part of the Hungarian par- 
tridge incubation period. 

33. Columbia ground squirrels (Citellus columbianus 
columbianus) will oceasionally eat eggs. 

34. A very high percentage of the eggs of the Hun- 
garian partridge were found to be fertile in the 
Palouse region; only 2 infertile eggs were found out 
of 12 clutches. 

35. There is no indication that a hen will renest 
after she has successfully hatched and reared one 
brood. 

36. Both adults care for the young throughout the 
summer. Apparently the family remains together 
until the following spring. 

37. The average brood size decreased from 17 at 
the time of hatching to 8 by the fourth week during 
1940. There appears to be some mixing of broods 
after the young have reached the age of six weeks 
or more. Juvenile losses were attributed to (1) aecei- 
dental death, (2) exposure to environmental factors, 
and (3) enemies. 
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38. An adequate supply of food was available for 
the Hungarian partridge throughout the study. Veg- 
etable matter comprises nearly 100 percent of the 
winter food with no trace of animal matter. Veg- 
etable matter may constitute 75 pereent of the spring 
diet, animal matter (consisting almost entirely of 
insects) may rise to 25 percent or more of the total 
food eaten at this time. Insects continue to maintain 
an important position in the summer diet, 13.03 per- 
cent; but represent less than one percent of the fall 
food items. 

39. Partridges are essentially gleaners, obtaining 
most of their food from open fields. 

40. Water is not essential; young and adult birds 
survive on suceulent vegetation and inseets during 
periods when dew fall is absent or limited. 

41. In general, the Hungarian partridge is far more 
beneficial than injurious to the welfare of agriculture 
in this region. 

42. Deep, crusted snows over a long period of time, 
in combination with freezing temperatures, is_be- 
lieved to be one of the main controlling factors of 
the partridge in this region. 

43. Coveys were smaller during 1941 than during 
1940 even though the population was larger. This 
is accounted for by more successful nesting in 1941. 
In 1941, brood sizes apparently were smaller owing 
to the very wet weather at the time of hatching. 

44. One bird for each 132 acres was killed during 
the 1940 hunting season. 

45. Losses from road kills are relatively unim- 
portant in this region; one bird per 4.18 miles per 
year was killed on 46 miles of paved highway. 

46. Analyses of stomachs of 34 wandering eats 
indicate that their main diet is field mice (Microtus 
sp.); no trace of gallinaceous species was found in 
this study. Field observations show that eats do 
catch huns at times. 

47. Hungarian partridges are relatively free from 
diseases or parasites in the Palouse region. The 
eaecal worm (Heterakis gallinae) is the only endo- 
parasite found. 

48. With the exception of proper nesting cover, the 
environmental factors in the Palouse region, in gen- 
eral, are favorable for the Hungarian partridge. 

49. To overeome losses of nests because of inad- 
equate nesting cover, the following recommendations 
are made: (1) maintain unburned fence rows, road- 
sides, and waste areas, (2) fenee off areas around 
draws, (3) prevent overgrazing, (4) plant shrubs and 
other cover around draws, (5) reserve brush and 
herbaceous plant growth when possible, (6) plow 
stubble fields before April 25, (7) use flushing bars 
when mowing. 

50. Severe winters apparently deplete the total 
population of Hungarian partridges so they suffer a 
setback for several years. 

51. Recommendations for helping to earry the 
partridge through bad winters are: (1) plant food 
patches, (2) leave strips of uneut grain, (3) provide 
available grit during periods of deep snow, and (4) 
set up feeding stations. 
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RACCOONS: THEIR HABITS AND MANAGEMENT 
IN MICHIGAN 


INTRODUCTION 


Little information has been available concerning 
raccoons. Investigators in several states have re- 
ported food habits findings, and Bennitt & Nagel 
(1937) gave an account of the species’ status in 
Missouri, with recommendations for improving con- 
ditions. Other reports inelude scattered information 
mainly of a casual nature. 
is a secretive, nocturnal, seldom ob- 
served animal, which has aecounted for so little being 
known about it. The writer was fortunate in being 
able to work with the species the year round, resid- 
ing in the field for two years as leader of a Pittman- 
Robertson Project, initiated in February, 1939. Two 
summers prior to that time were also spent with 
raccoons. The Swan Creek Wildlife Experiment 
Station of the Game Division, Michigan Department 
of Conservation, served as headquarters and fur- 
nished laboratory and field equipment, besides that 
purchased with Pittman-Robertson funds specifically 
for the project. The population of raccoons there 
equaled or excelled the average for the state. Of 
further advantage was government ownership of the 
land, which made available about 35,000 acres upon 
which required modifications and regulations could 
be set up according to the special needs of the work. 


The raccoon 


This paper embraces the results of these special 
investigations in the field and information from 
Game Division files as well as that from other states. 
The material falls into two parts. The first includes 
basic data, presenting what has been learned about 
the way of life and needs of raccoons. The second 
is an attempt to analyze and apply this knowledge 
in the formulation of management measures, and to 
show the results obtained. 

The writer wishes to express gratitude to Mr. 
H. D. Ruhl, Chief of the Game Division for making 
possible this study and publication of the material, 
and for valuable criticism and suggestions. Grateful 
acknowledgment is made to other members of the 
Game Division whose help was invaluable; especially 
to Dr. D. L. Allen and Dr. Carl Gower who gave 
immediate supervision as Biologists in Charge of the 
Swan Creek Wildlife Experiment Station; to mem- 
bers of the station staff for their many field records; 
to Mr. R. D. Burroughs, in charge of Pittman- 
Robertson Projects; and to Dr. G. W. Bradt whose 
eareful and constructive editing and criticism of the 
manuseript contributed much to the final publication. 

For guidance, the writer is also indebted to his 
graduate committee at Michigan State College, in- 
cluding Professor J. W. Stack, Mr. B. T. Ostenson, 
Dr. H. R. Hunt, Head, and Dr. M. D. Pirnie, of the 
Department of Zoology; Dr. H. T. Darlington of the 


Department of Botany; and Dean E. A. Bessey of 
the Graduate School. 

Analysis of food habits material was made by’ 
Mr. Charles C. Sperry, Fish and Wildlife Service, 
United States Department of Interior. Dr. H. E. 
Ewing and Dr. Irving Fox, Bureau of Entomology 
and Plant Quarantine, United States Department of 
Agriculture, identified the ectoparasites, and Dr. 
Carl Gower the endoparasites. The writer also ex- 
presses thanks to Mr. Guy Teed of Allegan, Michigan, 
who furnished dogs and much enjoyed companionship 
on numerous nights of ’ecoon hunting. 


THE AREA 


The Swan Creek Wildlife Experiment Station on 
which the intensive studies were earried out com- 
prises 5,000 aeres adjacent to the Kalamazoo River in 
Allegan County. Surrounding it are approximately 
30,000 aeres of government-owned land on which 
cursory observations were made. 





Fig. 1. 


Crayfishing. 


Glaciation of the region is primarily responsible 
for two distinet physiographie types—sandy upland 
plains of outwash origin, and lowland floodpla’n of 
the Kalamazoo River. In glacial times the river 
served as a drainage way in practically the same 
course as at present. The upland plains formerly 
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Fig. 2.. A white oak den tree in the uplands. A rem- 
nant from earlier days when oaks were relatively few 
among the pine. 


supported a forest of white pine with an admixture 
of white and black oak. After lumbering operations 
this ratio between species was reversed, the forest 
consisting largely of oak with seattered pine (Fig. 2). 
The floodplain forest corresponds to the black ash- 
American elm-red maple forest type established by 
the Society of American Foresters (1932). Lumber- 
ing removed the best timber, leaving many of the 
larger decadent trees having little timber value. Such 





Fic. 3. Typical black ash-American elm-red maple 
forest type found on the Kalamazoo River floodplain. 
Note zone of buttonbush bordering bayou. 
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trees, supplemented by younger stock, much of which 
seems to be susceptible to early decay in this wet, 
often-flooded habitat, furnish an abundance of dens 
for raccoons (Figs. 3, 26, and 27). 


METHODS 


The principal methods employed in the investiga- 
tions will be described here. Other minor procedures 
will be discussed in the text where it seems appropri- 
ate to do so. There have been few formulated tech- 
niques for studying the fur-bearers, and for the 
raccoon there seem to have been practically none. As 
this study progressed, methods evolved which were 
adapted to getting the desired information. 





Fig. 4. Ditches made very good trap set locations in 
spring. 


LivE-TRAPPING 


Live-trapping was employed successfully, and re- 
sulted in much information which otherwise would 
not have been obtainable. Examination of live rac- 
coons gave many of the data on breeding habits, 
sex ratios, weights, incidence of disease and parasitie 
infestations, clues to possible mortality factors, and 
general condition of the raeceoon population. By 
marking captured individuals, numerous other facts, 
ineluding breeding age, range, dispersal, mortality, 
and population density were learned. Tagging of 
juveniles early in the work made it possible to handle 
some animals of known age throughout the investi- 
gations, which aided greatly in getting significant 
and reliable data. A number of attempts were made 
to follow lactating females to their young with a 
dog, but the animals took temporary refuge instead 
of returning to their regular dens. 

Traps.—The live-trap used was originally designed 
after the U. S. Biological Survey cat-trap, but since 
has undergone many modifieations (Fig. 6). It meas- 
ures one foot wide by two feet long by one foot high. 
The framework is made of 11-inch fir with the 
22-inch front uprights grooved (4 inch wide x % 
inch deep) to accommodate the sliding door. The 
latter is of No. 18 gauge sheet metal. No. 16 gauge, 
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Fig. 5. Two-in-one occurred several times, and once a 
juvenile was waiting outside a trap for its eaptured 
mother. 
14-ineh-mesh hardware cloth covers the frame, a 
lighter material often being torn by raccoons and 
other large mammals. The trigger mechanism is sim- 
ple. A spring holds one wire arm of the trigger 
against the metal floor treadle when the trap is set, 
and another wire connected to the upper end of this 
one extends forward to support the door. When an 
animal steps on the treadle, releasing the first wire, 
the spring pulls the second from beneath the door. 
A triangular metal lock, whieh swings into place 
above the sprung door, prevents raccoons raising it. 

Trapping Technique——Best results were obtained 
by placing traps along avenues of travel such as 
rivers, creeks, bayous, and ditches (Fig. 4). Gen- 
erally a position next to a tree or fallen log was 
most effective. Accessibility of the bayous, rivers, 
and ereeks to a car governed to a great extent the 
distance between groups of traps, while suitability of 
sites for making good sets determined the individual 
spacing. Each trap location was marked with a 
numbered metal tag as a permanent station to be 
used in succeeding years. 





Fie. 6. 
voluntarily when the trap door was opened. 


The animal would usually enter the ‘‘cone’’ 
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Traps were tended once a day, usually in early 
morning, to hold the animals as brief a time as 
possible. 

Baits.—The most. satisfactory trap bait proved to 
be an ear of corn with some smoked, dried herring. 
The animals did not eat the herring readily, but the 
strong odor probably attracted some individuals to 
the trap which otherwise would not have been caught. 
The corn was invariably eaten. 

Handling.—Raceoons were restrained in a cone 
made of wire netting for tagging, weighing and ex- 
amining. This device consisted of a piece of two- 
inch mesh, 16-gauge fox-netting fashioned into a cone 





Fig. 7. 
had a capacity of 30 lbs. with three revolutions of the 


Dialed seales were used for weighing which 


pointer. This animal weighed 17 lbs. 1 oz. 


about two feet long and tapering from nearly a point 
at one end to approximately 10 inches in diameter 
at the other. The large end was placed in the open 
doorway of the trap and the animals would usually 
run into the “cone” of their own accord as they 
sought to eseape. Equipment and techniques em- 
ployed are shown in Figures 6 to 9. 
Marking.—Marking raceoons for later identification 
was done in two ways: ear-tagging and toe-clipping. 
Tagging proved quite satisfactory, since of 256 ani- 
mals handled only six were known to have lost their 
markers (Figs. 8 and 9). Some which were marked 
near the beginning of the study retained their tags 
two years later. To distinguish sex of animals on 
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Fig. 8. 
the ‘*cone’’ allowing convenient and safe tagging. 
were also measured and general examination of the ani- 


Ears projected through the wire netting of 
Feet 


mals made. Pliers made for the purpose were used to 
place the tag in the ear and clinch the ends in one 
operation. 


sight, males were tagged in the right ear and females 
in the left. This was especially useful in den studies 
whenever a marked animal escaped before it could 
be caught. Very young animals of litters found in 
dens were marked with smaller tags, which were re- 
placed by the larger ones, if the individuals were 
recaptured at a later date. 

The main purpose of toe-clipping was to make 
possible the identification of individua!s by means of 
their tracks. This gave valuable information on 
range and breeding, and to some extent the numbers 
using an area. A wire cutter which crushed off the 
toe rather than severing it cleanly was employed be- 
cause it eaused less bleeding than a sharper instru- 
ment. Toes of very voung raccoons bled little, if at 
all, and the injuries healed in a short time. Figure 
10 illustrates the system of numbering used. Tracks 
in sand, mud, or snow made by animals marked in 
this manner could be easily identified (Fig. 11). 


DEN STUDIES 


All trees with hollows, whether oceupied or not, 
were tagged with numbered aluminum tags for future 
identification, and a form eard filled out for each 
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(Fig. 12). All measurements except distances to 
water and edge of woods, and heights of trees, were 
taken with flexible steel tapes. 

Equipment and Handling—Climbing irons with 
three-inch spurs, used to gain access to the dens, 
and a safety belt to allow freedom while working 
in the tree were indispensable to den work. A flash- 
light with lens at right angles to the case was very 
useful. Raccoons were taken from the natural den 
entrance when possible, but often it was necessary to 
eut an opening at nest level with keyhole and prun- 
ing saws. Such “doors” were then hinged into place, 
making the dens habitable for raccoons, and easily 
accessible for further examinations. To take a rae- 
coon from a hollow, fox tongs were used by which 
the animal was transferred to a “cone” lashed to a 
tree branch. Captured animals were taken to the 
ground where the handling procedure was the same 
as for trapped animals. 

To not certain were 
used, “combs” were fastened to the den entrances to 
eatech fur and hair. These were made by doubling a 
small piece of light, 44-inch mesh hardware cloth 


determine whether or dens 


and twisting the eut wires together by two’s along 


one edge. 





Fic. 9. The metal ear tag proved to be a good marker. 
The tag employed most successfully was the No. 1005 
metal tag of the National Band and Tag Company, 
Newport, Kentucky. It is three sixteenths of an inch 
wide, with a like distance between the sides. 
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Fig. 10. 
sent 
moved. 
tens and a front toe to indicate digits, No. 11 indicating 


Showing the system of clipping toes to repre- 
numbers. For 20 and below only one toe was re- 
Above 20 a hind toe was, clipped to indicate the 


20’s, 12 the 30’s, ete. 
No. 38. 


The above toe-clip was therefore 


TRACKING 


Track observations were often made while traps 
were being tended and during other field work, but 
to gain specific information coneerning range, food 
habits, and hibernation, a sand road was smoothed 
with a steel road drag every night during certain 
periods, and walked the next morning for track 
eounts (Fig. 11). This 1.8 miles of road lies be- 
tween the oak upland and floodplain habitats running 
parallel to a steep bank separating the two. Some 
valuable information was obtained, since toe-clipped 
raccoons were denning in the lowland area on one 
side, and going to feed in the uplands on the other. 
As many as 17 animals crossed the road in one night. 


NUMBERS HANDLED 


A total of 256 live raccoons were handled, exelud- 
ing the 70 pen-raised animals released for experi- 
mental purposes. Total handlings amounted to 517; 
443 from live-traps; 62 from dens; 6 from a poultry 
house (female and young); 4 by “treeing” with dogs; 
and 2 by hand eapture. In addition,.223 observa- 
tions of toe-clipped tracks were made, making,a total 
of 740 records for the 256 animals. 
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Table 1 shows the numbers and sex of the rae- 
coons handled. Ages indicated are those at the orig- 
inal eapture of the animals. Thirty-one of the juve- 
niles were recaptured in later years as adults. 


TABLE 1. Numbers, sex, and age of raccoons handled 

(1937-1940). 
Male Female 

Number first handled when a year 

OF MUON ME oe Sn ic sans. leaden cine 2 48 
Number first handled as juveniles.... 92 75 

ee: Devain Male tue avers eo 133 123 
Number of the juveniles later handled 

as adultgi... 2. ala What af Geaiiore erate 15 16 


Figure 13 shows the frequency distribution of trap- 
nights and trap-eatches and the percentage of traps 
catching raccoons in each month. ‘May, July, and 
August were the most profitable trapping periods. 
After this was learned, more traps were operated at 
those times, which accounts for the high degree of 
correlation between percentage of efficiency and high 
numbers -of trap-nights. The principal reason for 
better success during these three months is probably 
due to the animals feeding more regularly then along 
the water courses where traps could be set most 
effectively. Why so few catches were made in June 
is unknown. 





Fig. 11 
number 57. 


Tracks in sand road of racedon toe-clipped 
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Fie. 13. Graph showing number of trapnights and 
number of raccoon catches per month from 1937 to 1940. 


HABITS OF RACCOONS 
GENERAL CHARACTERISTICS 


DESCRIPTION 


The raccoon has been deseribed so often and so 
well by others, that no lengthy description is needed 
here. The distinctive masked face and ringed tail 
immediately distinguish the animal from any other 
species in our part of the country. A unique de- 
seription of the ’eoon is that by Burroughs (1900) 
who ealls him “that brief summary of a bear.” 


12. Card form used for recording den data. 


Hunters tell of sometimes taking dark, rangy 
‘swamp ’eoons” in contrast to the usual lighter, 
smaller “upland ’coons.” There is a variation among 
individuals both as to color and bodily build, but it 
is quite possible that the hunter’s “swamp ’coon” may 
have been traveling in the uplands the night before. 
From present observations there is no evidence that 
color or other variations within the species are cor- 
related with differences in habitat in Michigan. 

Albinism in raccoons seems to be rare. No albinos 
have been reported from this region. For Wash- 
tenaw County, Wood (1922) reported a dozen ree- 
ords of albinos, and half that number of melanistic 
animals. Many individuals handled during the pres- 
ent study were rather dark, but probably should not 
be called melanistic according to the usual meaning 
of the term. One juvenile, practically all black, was 
taken by a hunter, but according to reports, a captive 
“black ’eoon” had escaped from eaptivity in that area 
the year before, and may have been the parent of 
this animal. 


‘ 


PHYSICAL QUALITIES 


The hardiness, physical stamina, and ability of 
raccoons to defend themselves seem extraordinary. 
Bailey (1926) says that they are savage fighters and 
will defend themselves against a dog of equal size. 
According to hunters and several writers, a ’eoon 
will turn on a pursuing dog in water, and drown it. 
From the savagery and strength displayed by a cor- 
nered animal, these feats seem entirely credible. 
Several animals were shaken from trees at heights 
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of 30 to 40 feet without being injured. Whitney 
(1933) reports an ineident in which a _ pregnant 
female fell 30 or more feet from a tree, and later 


bore young. ’Coons can withstand severe temper- 
atures. A yearling animal, kept in an open-wire 


pen, stayed outside on a foot of snow for 10 days 
and nights, during which time the temperature went 
down to 28 degrees Fahrenheit or lower every night, 
and as low as —9 and —10 degrees on two occasions, 
yet appeared to suffer no ill effects. Evidently the 
heavy layer of fat furnishes raccoons considerable 
insulation and protection from cold (pp. 215, 225). 


VoIcE AND SMELL 


The raccoon has been accredited by writers with 
loud eries, varying from one similar to a eolt’s 
whinnying to the eall of a barred owl, with many 
variations between. The writer never heard ealls 
similar to these in the wild, nor were any of several 
captives known to utter any. A variety of sounds 
which carry no great distance, have, however, been 
recorded. A penned female assures her young with 
a low “twittering.” Very young animals, when dis- 
turbed, utter a similar, but more harsh ery, and it 
was by hearing this that several litters were located. 
Juveniles handled from traps often “screeched” so 
as to hurt one’s ears. Angry adults often uttered 
growls, cough-like snarls, throaty cries somewhat in 
the same tempo as the whistle of a woodchuck, or 
an accented whine when disturbed by a dog. 

The sense of smell evidently is well developed in 
raccoons, since the animals were found to have lo- 
eated and dug out acorns buried under one to two 
inches of dry, powdery sand (Fig. 24). 


NOcTURNALISM AND ACTIVITY 


It has been agreed by most writers that, although 
principally nocturnal, raccoons come out at times 
during the day to feed and sun themselves. During 
the investigations at Swan Creek, no undisturbed 
animals were seen out by the writer, but two hunters 
reported shooting tagged ’coons out of a tree during 
the day; and a pheasant hunter’s dog on the experi- 
ment station farm came upon an adult and a juvenile 
along the bayou. By night, raccoons are out in prac- 
tically all kinds of weather during the spring, sum- 
mer, and fall, and it is probably the difficulty 
encountered by dogs in following them over a dry 
trail that usually accounts for lack of success on dry 
nights. Their ability to lead hunters and dogs on a 
long chase is due to stamina, cunning, and a knowl- 
edge of the surrounding territory, rather than run- 
ning ability. Unless an animal reaches cover or a 
tree, a man ean outrun and eatch it rather easily. 
Water is no barrier to ’ecoons. In one instance a 
juvenile was live-trapped on both sides of the Kala- 
mazoo River, which averages about 150 feet in width, 
and tracks of some toe-clipped individuals on both 
sides of the stream showed that they often swam 
across. 
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Fig. 14. 


An albino and a normal colored raccoon. 


LONGEVITY 


The old phrase “for a ’coon’s age” implies that 
this species enjoys a rather long life, but there is 
little available information on the subject. A hunter 
acquaintance of the writer reports that his captive 
male is eight years old and that he once sold two 
others at that age. It is doubtful if many live that 
long in the wild, sinee they are so heavily hunted with 
dogs. Nevertheless, several individuals with badly 
worn teeth were handled, which probably were sev- 
eral years old. 


MISCELLANEOUS VALUES 


Raccoons possess values in addition to their worth 
as fur-bearers and sporting game animals. Accord- 
ing to several writers their flesh has been eaten sinee 
the early days of frontier settlements, though the 
Indians considered the meat rank and “no good.” 
At the present day, hunters in Michigan, at least, 
often eat raccoons, and the writer can say from per- 
sonal experience that the flesh of a young, acorn- 
fattened, well-prepared animal is very palatable. In 
California, according to Grinnell, Linsdale, & Dixon 
(1937), the Chinese buy them regularly, and also 
gall bladders are in special demand at about 15 cents 
apiece. In the early days thrifty pioneers converted 
the fat into a thin oil, which Bailey (1926) says 
“was the principal oil used for domestic purposes 
and even for machinery in the frontier settlements.” 
The same was highly prized for use on leather. 


REPRODUCTION 


Sex Ratio AND RELATIONSHIP OF SEXES 


Raccoon populations are about equally divided as 
to sex. In Missouri, Bennitt & Nagel (1937) re- 
ported a ratio of 1.27 males to 1 female (171 males, 
135 females), among 306 killed raccoons, and in 
Ohio, Preble (1941) found 73 males and 59 females 
among 132 raccoons sexed during the 1938-1939 
hunting season. In the present study a male to fe- 
male ratio of 1.08 to 1, or 133 males to 123 females, 
was found in the series of 256 live animals handled. 
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With such a ratio existing, it might be assumed 
that the species is monogamous in breeding habits, 
but this does not appear to be the case. The matter 
has been controversial, with some writers consider- 
ing them monogamous and others polygamous. Evi- 
dence from the present work indicates promiscuity, 
one male mating with several females annually. Dur- 
ing all seasons of the year, mature individuals of 
both sexes were generally found denning alone. This 
was true even during the heat period of females, at 
which time it would be supposed that male and fe- 
male should be together. Lone females in dens with 
litters was the general rule also. In addition, during 
the breeding season in February and early March, 
toe-clipped males were tracked in the snow on a num- 
ber of occasions where they had gone one and two 
miles, evidently searching for mates. One visited 
eight hollow trees in a night. 


AGE AT REARING YOUNG 


Further information concerning the habits of rae- 
coons gives us a logical reason for promiscuity. It 
appears that about 50 percent of females breed their 
first year, whereas males probably rarely mate sue- 
cessfully as yearlings. By live-trapping ’coons previ- 
ously tagged as juveniles, it was possible to determine 
definitely whether or not they bore young when a 
year old, and at Swan Creek it was found that 15 
of 28 females did produce offspring as yearlings. 
It was definitely known that 10 of the 28 did not, 
while the remaining three were not handled enough 
times to make certain. Evidence of the age at which 
males first breed successfully is circumstantial and 
meager, since there is no way of knowing whether or 
not a male has mated. Bennitt & Nagel (1937) report 
that on a raccoon farm in Missouri six males ob- 
served from birth did not mate until they were two 
years old, and information from a Minnesota fur farm 
is that yearling males are not capable of breeding. 
At Swan Creek, a yearling male and female in heat 
were found together in a den, but the female did not 
bear young that year. Her failure to conceive may 
have been due to the male being too young to mate 
successfully. In view of this information, it is ap- 
parent that if all receptive females are to be serv- 
iced, mature males must breed more than one female. 

The mating period of raccoons seems to vary 
somewhat with latitude, according to writers from 
various states. Judging from the present studies, 
most mating in Michigan takes place from the first 
week in February through the first week of March. 


These dates were determined by examining six fe- 
males in heat, six pregnant, and a large number 


whick were lactating. Approximate dates of ecopula- 
tion were also determined by judging the age of 10 
litters found in dens. The gestation period is about 
63 days, and the young are born in April and early 
May. One female which eseaped captivity and bred 
in the wild gave birth to young on April 15. It 
appears that oceasionally an adult female fails to 
mate suecessfully in spring, and then breeds later. 
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One such case was recorded here, and Hamilton 
(1936) who found juveniles in New York weighing 
less than three pounds in fall, believed them to be 
the result of such matings. Apparently if yearlings 
do not breed during the regular season they do not 
mate later. 

By examining animals throughout the year, it was 
definitely established that only one litter is produced 
per female annually. Several records give indiea- 
tions of feeundity of females from year to year. 
One, marked as a juvenile in 1938, had a litter in 
both 1939 and 1940; another, which did not repro- 
duce as a yearling, bore young her second year; and 
three adults were known to have produced litters in 
two successive years. Only one of 28 adult females 
handled failed to rear young, and appeared to be 
sickly. 

LITTERS 


There are numerous references in the literature to 
the number of young in a litter of raccoons and the 
approximate birth dates, but only one record for 
animals in the wild. For the California raccoon 
(not P. 1. lotor) Grinnell, Linsdale, & Dixon (1937) 
found records (embryo counts and litter observa- 
tions) in the University of California museum, of 
from 3 to 7 per litter, and concluded that young 
are born in April and May. 

During the present investigation, ten litters be- 
tween one and ten weeks of age were examined in 
dens, and one female autopsied on May 29, 1940, 
exhibited sears of recent placental attachments. 
These juveniles were probably born during April 
or the first half of May. Numbers in the ten litters 
varied from 3 to 7, with an average of four (Fig. 
15). There were also four placental sears in the 





Fig. 15. 
old on May 


A litter of average number (14 to 20 days 
23, 1940). 


uterus of the autopsied female, making the average 
for 11 litters of young born in the wild exactly four. 

A litter of two, and one of three, were born in 
captivity at the experiment station, the latter to a 
female which had escaped and bred in the wild. 
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Records show that the size of litters by yearling 
and adult animals are probably the same. Four 
wild adults are known to have had three and four 
each, and a captive only two. One wild yearling 
had three, and a captive three. 

The sex ratio existing in eight litters of which all 
the young were handled, was 1 male to 1.36 females 
(14 males, 19 females) (Table 2). 















TABLE 2. Data concerning 10 litters of raccoons found 
in dens. 
NuMBER OF YOUNG 
BY Bi ins Approx. 
Date | Age of | 3 , | age in Estimated date 
handled | females | & 3 | days of birth 
ae e 
4-29-40 t |3|4 7 | 10-15 | Apr. - 2nd wk. 
5- 3-39 Adult 1 3 4 21 Apr. - 2nd wk. 
5- 3-40 Adult | 2 2 4 7-10 | Apr. - 4th wk. 
5-10-40 gaits tae a 3 7-14 | Apr. - 3rd-4th wk. 
5-11-39 ? | O 5 5 14 Apr. - 2nd wk. 
511-20 | 7 =| -1)|1 3] 21 Apr. - 3rd wk. 
5-23-40 | Adult | 4 | 0 | 4 | 14-20 | May - Ist wk. 
5-24-40 | Yearl. | 1 2 Cte 14 May - 2nd wk. 
5-28-40 | Adult | 1 | 2 | 0 | 3 | 21-28 | May - Ist-2nd wk. 
eee | bl ake ht ee Apr. - Ist wk. 














BREEDING POTENTIAL 


Data already presented indicate that the sex ratio 
in this region was close to 50:50; that approximately 
50 percent of the females bore young as yearlings; 
that one litter per year was produced thereafter ; 
that it was exceptional for an adult female not to 
raise a litter; and that the average litter size was 
four. If these data are reliable, a definite figure 
representing the breeding potential of the species 
ean be postulated, in the ratio of 4 to 1: female, or 
2 to 1 adult, if all yearlings bred. Since only 50 
pereent (actually 53.6 percent) of the yearlings were 
found to breed, a correction must be made. This, 
however, leads to another unknown: the relative num- 
bers of yearling and adult breeding females present 
in a population. Intensive work in the one area 
(trapping, den examinations, and tracking of toe- 
clipped animals), showed the ratio of breeding year- 
ling females to adult females to be 50:50 (14 
vearling females, half, or 7, of which theoretically 
bred, and 7 adult females). Therefore, according to 
available evidence, the breeding potential is 3 to 1 
female, or 1.5 to 1 adult. On this basis, barring all 
mortality, fall populations would be 1.5 times greater 
than the annual breeding reserve. 

Bennitt & Nagel (1937) arrived at the same figure 
(1.5) to represent the actual ratio of increment by 
any given autumn. They considered the average lit- 
ter size to be four also, but deducted one to allow 
for mortality, and assumed that all young females 
begin to breed at the age of one year. Their deduc- 


tion of one per litter balanced the allowance made 
in the present work for only 50 percent of the year- 
ling females producing, thus giving the same final 
figure, theirs representing the ratio of actual fall 
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increment and the present one the potential inere- 
ment disregarding mortality. If raccoons in Mis- 
souri show the same tendency for approximately only 
one half of the yearlings to breed, their figure would 
be reduced to 1.12. 


DEVELOPMENT OF YOUNG 


Post-natal development of a litter of captive rae- 
coons until the ages of seven weeks has been well 
deseribed by Hamilton (1936). At that age the ani- 
mals are miniatures of their parents, and subsequent 
changes are less evident as the animals grow to 
adult size and acquire adult proportions. 

The permanent teeth of wild juveniles replaced the 
milk dentition during late August and early Septem- 
ber, when the animals were from 16 to 20 weeks old. 
This change coincided with the “drying up” of fe- 
males, a favorable adjustment of juvenile develop- 
ment to the lactation eyele. The young are thus 
provided with a means of obtaining and untilizing 
solid foods, when weaned. 

The graph in Figure 16 shows the increase in 
weight of a captive litter of three during their first 
year, and variations during the second and third 
vears. At birth the average weight was 61.7 grams. 
Raccoons grow rather slowly, and these were not yet 
fully grown in their second year. That this was also 
true of wild animals is apparent from Figure 24, 
which shows graphieally 348 monthly weight averages 
separated according to sex and age of the individuals. 
Adults, with one exception, were heavier than year- 
lings for all corresponding periods of the year. 


WEIGHTS 


Hunters reporting taking raccoons of any weight 
between 8 and 50 pounds could have been telling the 
truth, although about twice the first figure is the 
average weight of a grown Michigan raccoon in the 
fall. Bailey (1926) reports a large fat male in 
Minnesota which weighed 301% pounds, but says that 
half that is more nearly their usual weight. Seton 
(1929) considers 18 pounds as approximately the 
average size, but also quotes a reliable hunter who 
took a 49-pound animal in Vermont before 1900. 
Whitney (1931) tells of a Mr. J. A. Graydon who 
ran an advertisement for raccoons over 25 pounds 
to be paid for at the rate of $1.00 per pound. Dur- 
ing several months only two were received, which 
weighed 31 and 26 pounds. These were from Florida 
and from a western state respectively. The largest 
raccoon ever taken in Michigan for which an authen- 
tie record is available (Wood 1932) weighed 56 
pounds, and was killed in Montealm County near 
Edmore in May, 1904. 

The heaviest wild individual handled during the 
present study was an adult male weighing 21 pounds 
10 ounees in August. The largest female weighed 
18 pounds 6 ounees, also in August. Weight records 
were obtained for 153 adult and yearling raccoons. 
These were segregated according to sex and age, and 
monthly averages plotted together with juvenile 
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Fic. 17. Graph of the weights of raccoons in three age classes: juveniles, yearlings, and adults. 
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weights in Figure 17 to show the weight increase of 
animals until they attain full growth. It appears 
that males tend to be somewhat heavier than fe- 
males, although the difference is not great. Race- 
coons do not become full grown before the end of 
their second year, or later. 
SEASONAL WEIGHTS AND CONDITION 

In Figure 18 the plotted average weights of adults 
and yearlings were grouped into four periods, con- 
sidered significant from the standpoint of raccoon 
activities. During January, February, and part of 
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Fig. 18. Weights of adult and yearling raccoons vary 
with the seasons. 


WINTER DENNING PERIOD 


March, the animals remain denned up most of the 
time, and during the latter month the majority are 
at a minimum in weight. They may then weigh only 50 
percent as much as when they ceased feeding reg- 
ularly and first denned with the coming of snow the 
preceding fall. Weights of adults in the winter 
period are few, but indicate that females may be con- 
siderably lighter than males at that time. One fe- 
male known to be a two-year-old, weighed only 7 
pounds 5 ounces, on March 3. 

Some animals found in dens in late February or 
Mareh had drawn faces, a dryish skin and shriveled 
feet, with the appearance of being far below normal 
in bodily water content. It was such a condition, 
in addition to the fact that the heavy fall fat re- 
serve had all been utilized, which contributed to 
minimum weights by the end of the winter denning 
period. With the renewal of regular feeding, be- 
ginning in late March, the animals were found to 
gain weight steadily, although slowly, until October. 
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At that time, utilizing highly nutritive foods, con- 
sisting mainly of acorns in this region, they took on 
weight rapidly, storing a large surplus of fat. 

Wood (1922) found the fatty blanket under the 
skin of a 30-pound raccoon in November to weigh 
five pounds. For lack of better terminology we 
might divide the fat reserve into the “internal” and 
“external”; the former deposited in the body cavity, 
surrounding the various organs, and in the mesen- 
teries; and the latter accumulated as a subcutaneous 
blanket. There are, of course, smaller fatty deposits 
in various tissues of the body, presumably of lesser 
importaneé as far as bulk is concerned. The “ex- 
ternal’ constitutes the major deposit, distributed 
principally over the back and rear quarters of the 
animal. It is thickest over the rump, becoming an 
inch deep immediately anterior to the base of the 
tail. This layer becomes thinner as it extends an- 
teriorly, laterally, and down over the thighs (Figs. 
19 and 20). In this condition, with the greater part 
of their winter food supply already stored as fat, 
raccoons are prepared to go into their dens and 
withstand the fast forced upon them by snow and 
low temperatures. By the time that they again begin 
to feed regularly (late March) very little, if any, of 
the subcutaneous fat layer remains, and the animals 
are more emaciated than at any other time of year. 
Burroughs (1900) reports finding young of the pre- 
vious year starving and helpless in April. The writer 
never found any in such poor condition during the 
present study, although animals of this age were 
found to be thinner than those of other ages. It is 
logical that yearlings must have the more difficult 
time, for, while older raccoons are storing most of 
the food they take in fall as fat reserve, juveniles 
are still utilizing much of theirs for growth, and 
consequently may not be able to aequire as much fat. 

Table 3 gives the average seasonal weights by 
sexes of adult and yearling raccoons which are pre- 
sented graphically in Figure 18. 


TABLE 3. Average seasonal weights in pounds and 
ounces of adult and yearling raccoons. 























ADULTS YEARLINGS 

Period Males Females Males Females 

No. | Wt. | No. | Wt. | No. | Wt. | No. | we 
SN heed on eA |---|, |---| 
Jan.-Feb.-Mar.....| 2 |13-11} 2 8-08} 3 6-12) 6 7-00 
Apr.-May-June....| 15 {11-05} 11 /|10—07) 12 9-00) 16 8-00 
July-Aug.-Sept....| 23 |14-06) 23 [11-13) 3 /|10-00) 22 (10-14 
Oct.-Nov.-Dec....| 7 |16-05) 4 {15-04 2 |14-09) 2 /14-09 
Averages. .....| 47 13-10) 40 j11-10) 20 |9-06 | 56 | 7-13 











SEPARATION OF AGE CLASSES 


Reliable criteria for separating age classes of rac- 
coons might be of value in analyzing breeding pop- 
ulations, and evaluating the effects of hunting mor- 
tality; because, for one thing, only about 50 percent 
of yearling females breed. The writer had the op- 
portunity to work with a fairly large number of 
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Fie. 19. Dorsal view. 
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Fie. 20. Ventral view. 


Two views of a raccoon carcass showing the subeutaneous deposit of fat. This animal was killed on November 
20, 1940. Arrow in Fig. 19 points to %” layer of fat which was transected and turned up to show thickness. 


raccoons of known age, and the information con- 
cerning age differences is based entirely on data from 
such individuals. Seventy animals had been marked 
during work preliminary to the year-round investi- 
gations, and 73 more were tagged during the first 
year of the main project. 

The graph in Figure 21 shows that ear and hind 
foot lengths can be used to determine a raccoon’s 
age for only a short time. The ears seem to have 
very nearly reached adult size by late summer, or 
when the animals have become four months old. The 
foot inereases in length until somewhat later than 
this, but as shown by the graph curve leveling off 
in November, full length is attained by early fall. 

Size and condition of canine teeth offer better pos- 
sibilities of determining the age group to which a 
raccoon belongs, although these characters are not 
entirely objective. The permanent teeth of juveniles 
begin to erupt in the latter part of August. Meas- 
urements have shown that usually they have not 
reached full size by fall. With few exceptions, it 
seems safe to consider individuals with upper canines 
less than 10 mm. long (from gum to tip) as animals 
of the year. Although no methods of comparison 
are available for exact description, the canine teeth 
of such a raccoon are less massive than of adults or 
yearlings, and show no wear. However, even by fall 
of an animal’s second year, wear seems to be neg- 
ligible. Tooth length is the best eriterion for sep- 


arating the juveniles and yearlings. The upper 
canines of yearlings are seldom less than 10 mm. 
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Fig. 21. Ears measured from notch to tip, and teeth 
from gums to tip. Hind feet and ears attain full length 
in about eight months. 
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by the time they are a full year old, and may be as 
much as 12 mm. long. It is doubtful if an animal 
in its second fall could be reliably separated from 
adults by examination of teeth only, since some 
adults have a perfect set of unworn canines. But, 
if the teeth, canines and incisors both, are badly 
worn, there is little doubt that the raccoon is three 
or more years old. A few individuals with canines 
worn down within 6 mm. of the gums were examined, 
which certainly were several years old. As men- 
tioned previously, the canines of juveniles are less 
massive than those of yearlings or adults, but this 
is a relative character for members of the two latter 
groups, and separations here could not be made with 
any degree of certainty. 

Weights seem to be dependable for separating 
juvenile raceoons from older animals during the fall, 
and therefore during the hunting season in Michigan 
(Nov. 1-Dee. 15). Figure 18 indicates an average 
weight of less than 9 pounds for 25 juvenile animals 
during the Oct.-Nov.-Dee. period, but, since these 
were all taken in the first two months, they do not 
present a true picture. Some juveniles attain a 
weight of about 14 pounds by December, but it is 
doubtful if any are heavier than that. The largest 
juvenile handled in traps in November weighed 13 
pounds, 9 ounces, and several weight records from 
hunters who took tagged animals were all under 13 
pounds. One tagged animal taken by a reliable fur- 
buyer reportedly weighed 22 pounds in its second 
fall, and, as also shown by other records, it is ap- 
parent that, in the fall of the year, animals older than 
juveniles cannot be separated further as to ages. 

Juveniles can usually be recognized by weights dur- 
ing the winter, when they are. nearly a year old. 
Nine of this age averaged less than seven pounds 
in winter (Jan.-Mar.) while older animals averaged 
11 pounds, 12 ounces. In spring (Apr.-June), 28 
which had become a full year old averaged between 
eight and nine pounds, which is lower than the 
average of approximately 11 pounds for 28 adults, 
but variations among individuals of both classes at 
this time makes exact separation impossible. 

Size of teats is probably a good eriterion for 
separating yearling and older females in spring. 
Teats of yearlings remain small until the animals 
have borne young. But since some of this age do 
not breed, their teats are still smaller than those of 
animals which have suckled offspring, and therefore 
an animal with small mammae in fall might be either 
a juvenile, or an individual in its second year which 
has never bred. If in fall a female has teats 6 mm. 
or more long, usually wrinkled and blackish after 
lactation, she is at least in her second fall. 


Observations on age differences can be briefly sum- 
marized. Ears and feet attain adult size by the fall 
of an animal’s first year. If upper canines are less 
than 10 mm. long and unworn, the raccoon is prob- 
ably a juvenile, while badly worn teeth indicate an 
age of at least three years, and usually more. In 
fall, an animal under 14 pounds ean be safely con- 
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sidered a juvenile, and in winter, yearlings are still 
enough lighter in weight than older animals to be 
distinguished. Juveniles have small teats, about 2 
to 3 mm. long, until they have reared young. After 
that, teats of 6 mm. or longer, usually dark and 
wrinkled, indicate that young have been suckled, 
and therefore that the animal is at least in its seeond 
fall. However, since some yearlings do not produce 
young, they may still have small teats in their second 


fall. 
SURVIVAL AND MORTALITY 


There is little reference in the literature relative 
to mortality of raccoons other than that caused by 
man and his dogs, and all available evidence indicates 
that hunting and trapping take the greater part of 
the annual inerement. Burroughs (1900) reported 
finding young of the previous year starving and help- 
less in the fields in April, but during the present 
study no such severe emaciation was noted, though 
yearlings handled in late spring and winter were 
usually thin, some considerably more so than adults. 
As far as is known, there are no longer any im- 
portant predators of raccoons in Michigan. Accord- 
ing to Seton (1929), fishers prey upon them, but 
this species is now entirely absent in this state. 

A few raccoons are killed every year by automo- 
biles, but this number is considerably less than for 
many other game species. Only two were found dead 
on highways within a radius of 30 miles of the experi- 
ment station, during three years. Several times 
parts of skeletons and skulls were found in the woods, 
but hunters often pelt their animals as taken and 
diseard the ecareass, or at least the heads, which ae- 
counted for some of these, and perhaps for all of 
them. In any ease, the total number was few. Never 
was a dead, entire animal found during the consider- 
able time spent in the field on den investigations 
and live-trapping. The raccoon seems to be an ex- 
ceptionally healthy species. Of 256 animals handled, 
only one, an adult female, appeared to be in poor 
health. This individual, live-trapped in August, was 
thin in flesh, sparsely furred, and seemed weak, but 
neither the cause of her condition nor whether she 
died subsequently was determined. The marked abil- 
ity of raccoons to defend themselves, their hardiness 
and stamina (p. 210) should make them less suseep- 
tible to predation, disease, inclement weather and even 
a reduced food supply, than many other wild species. 


PARASITES 


Raccoons, like all game animals, are hosts to para- 
sites, but seldom die from the effeets. Morgan & 
Waller (1940) record a severe case of parasitism 
and lesions in an individual from Iowa, but they did 
not consider that the parasites necessarily caused the 
animal’s death. In summer, about 16 percent of the 
raccoons handled at Swan Creek harbored ticks 
(Ixodes sp.). Lice (Suricatoecus octomaculatus 
(Paine) ) were present, in some eases in fairly large 
numbers, and fleas (Trichopsylla lotoris Stewart) 
infested a few individuals. Tapeworms (Mesoces- 
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toides sp. and Diphyllobothrium sp.), a larval fluke 
(Clinostomum sp.), and the roundworm (Uncinaria 
lotoris Sehwartz) were found internally. None of 
these parasites, however, seemed to affect the hosts 
seriously. 

JUVENILE SURVIVAL 

A good indication of the survival of juveniles has 
been obtained by tagging litters in dens. All of 11 
animals so marked (in April and May of 1939) when 
between the ages of three and ten weeks were ac- 
counted for in mid-summer or later. One was live- 
trapped for the last time in August, while all others 
were either retrapped or taken by hunters in fall, 
or were still on the area the next year. In 1940, of 
13 juveniles tagged in dens, all except four were 
rehandled in July or later, or were known to have 
been killed in fall. The four were marked in an 
area where little live-trapping was done subsequently, 
and should not be considered one way or another as 
far as survival is concerned. Two juveniles which 
each lost an eye due to an infection grew as rapidly 
and seemed to be as well able to care for themselves 
as other individuals. 

In the light of accumulated evidence, it seems that 
both adult and juvenile losses are low. Yet, aecord- 
ing to the breeding potential of raccoons (1.5), if 
there is no appreciable mortality, either juvenile or 
adult, it would mean that, in a stable population, 
60 pereent of the fall number would have to be 
taken by hunting and trapping. Such a_propor- 
tion seems large, and there undoubtedly is some un- 
accountable mortality; but in one area where a 
thorough cheek on kill was obtained, in the fall of 
1939 (p. 253), at least 47 percent of the population 
was taken. Bennitt & Nagel (1937), who judged 
the average litter size to be four, allowed for a loss 
of one juvenile per litter in Missouri. They also 
considered the natural mortality in that state to be 
20 percent of the kill by man and dogs, “according 
to the consensus of our own and many other opin- 
ions,” pointing out that no known statisties were 
available as a basis for their statement. From the 
present work it is apparent that in Michigan there 
is probably no such mortality among juveniles, and, 
in the whole population, considerably less than a loss 
equaling 20 percent of the fall kill by hunters 
(33,442 in 1939). Further diseussion of the annual 
take by hunters and trappers will be found on p. 255. 


FOOD HABITS 


In reviewing the literature pertaining to feeding 
habits and food of raccoons, one is impressed with 
the appropriateness of Nelson’s (1916) statement 
that the diet is “extraordinarily varied.” Their apti- 
tude for including in the dietary an almost unlimited 
variety of foods has been of great importance in the 
remarkable survival and wide distribution of the 
species in North America. Like human beings, when 
necessity demands, raccoons will make the best of 
less palatable matter, but when a variety is available, 
they are prone to make a choice of preferred items. 
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in trees too 


Fie. 22. One of three ground ‘‘ latrines’ 
Some seats were also found in ‘‘latrines’’ 
hollow to be suitable for dens. 


Snyder (1931) and Kennicott (1858) reported ex- 
tensive feeding on turtle eggs, and similar evidence 
was found in this study (Fig. 23). Hamilton (1936 
and 1940) in New York, Giles (1939 and 1940) in 
Iowa, and Johnson (1939) in Maine have presented 
quantitative and qualitative data on food habits of 
the species. All found a great variety of plant and 
animal matter included in the dietary. Mast, grains, 
and fleshy fruits made up the bulk. Dearborn (1932) 





Fig. 23. 
raccoon. 


Remains of a turtle nest destroyed by a 
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analyzed 500 seats from southern Michigan, in which 
erayfishes were the predominant item in the summer 
diet. 

In the present study, 121 seats and 10 stomachs 


were collected over a period of two years. During 
the same period, supplementary field observations 
were made while other intensive investigations were 
being conducted in the field. Seats were found in 
the bottomland where bayous provided fresh water 
crustaceans, and insects. Dogwoods, wild 
grapes, and buttonbush were plentiful, and on the 
experiment station farm, grain crops included corn, 
buckwheat, wheat, millet, and vetch. 

In tabulating the data on fecal material, average 
pereentage by volume of each food in the total num- 
ber of seats was caleulated, and also the percentage 
of occurrence (Table 4). Data were grouped into 


mussels, 


TABLE 4. Volumetric indices and percentage of oceur- 
rence of raccoon foods as indicated by 121 seats. 
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four periods corresponding to those used in present- 
ing weights, both for the sake of correlation, and to 
show the changes in diet from season to season. 
The high percentage of acorns taken during the 
winter denning period, when food is taken inter- 
mittently in warm weather, seems almost paradoxical, 
sinee there was from six inches to two feet of snow 
on the ground. But, though it is possible that some 
of the seats had been deposited the previous fall, one 
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seat collected fresh from an animal taken in a den 
on February 13, when there had been 13 or more 
inches of snow on the ground for several weeks, was 
composed entirely of acorn remains. The other two 
fresh seats taken from denned animals in February 
included only dead leaves, wood bark, and raccoon 
hair, indicating that these animals had taken no 
nutritive food for some time. 

In spring, the post-denning period, acorns were 
still the most important single food. The acorn crop 
in the fall of 1939 was very large, and many were 
still available in the spring of 1940, when most of 
the seats for the period were collected. In conjune- 
tion with food and range studies, a road between the 
uplands and bottoms was dragged intermittently in 
April, May, and June. Tracks there showed that 
raccoons were going regularly to the highlands to 
feed on acorns. These nuts seem to be a preferred 
food at all seasons. In the aggregate, animal matter 
constituted 56.84 percent of the diet in spring, the 
only season in which it predominated over food of 
plant origin. The large volume of Microtus (26.63 
percent) found in 32.65 percent of the seats, indicates 
the acceptability of such rodents. They were entirely 
lacking during other periods, which seems to indicate 
either that Micretus are less desirable than other 
foods when a choice is available, inasmuch as these 
mice were present in waste fields in the bottoms at 
all times, or that the raccoons preferred to take other 
food which was perhaps more easily obtained. Cray- 
fish also showed in greater bulk, 14.73 percent, and 
in a greater number of remains, 32.65 percent, than 
in any other season. The recorded 4.04 pereent of 
buds constituted the entire remains of two seats. 
This seems to be the first reported indication of such 
an item being taken by raccoons. 

The change to a predominantly fruit diet in summer 
was striking, 77.31 pereent of the food being of this 
origin. Grapes, which are a favorite food, formed 
an average of 40.66 percent of the seats, with dog- 
wood berries, sand cherries, blueberries, and berries 
of Rubus constituting the remainder of the fruit 
material. 

From analyses alone, it appears that acorns were 
not a part of the summer diet, but tracks showed that 
in one night as many as 10 raccoons crossed a two- 
mile length of dragged road, going into the oak up- 
land for mast. The remains of acorn shells at dig- 
gings in the road (Fig. 24) seemed indicative of the 
animals’ activities throughout the adjacent upland 
woods. From such observations, it appeared that 
acorns were being taken regularly by certain animals 
as long as the supply lasted. 

In fall, fruits were still predominant in the diet, 
with grapes still the most important item. It is 
interesting to note that a fresh seat from a male 
found in a den on December 24 was composed en- 
tirely of grapes and earthworms. The persistence 
of grapes makes them a valuable asset to many spe- 
cies of wildlife, and many were noted on vines in the 
vicinity of the den. Since the weather was unusuallv 
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mild, earthworms probably were available in the wet 
bottoms. Acorns formed a smaller percentage of 
remains during this period than in either winter or 
spring, but here again the inadequacy of analyses 
alone in furnishing a complete picture is evident. 
Studies of stomach and fecal remains, along with 
other observations, give some interesting information 
relative to the combined effects of availability and 
preference by the animals in the fall diet. 





Fie. 24. 
acorns of the previous year. 
feet to right of acorn shells. 


In July, a raccoon sat here and dug out old 
Note imprints of both hind 


The acorn crop was very large in the fall of 1939, 
and aecordingly, of the six seats collected then, five 
contained 70 percent or more acorns, and no corn 
was found. In addition, oceurrence of acorns in six 
stomachs was 100 percent, while corn was present in 
only one. In 1940, when there was very little, if any, 
acorn mast produced, no trace of it was found in 40 
seats and four stomachs, while corn was present in 
26 percent of 40 seats and three of four stomachs. 
All available evidence tends to show that acorns are 
a highly palatable and favorite food item at all times 
of year, and evidently are taken in preference to 
corn when both are available. Field observations 
showed a noticeable decline from 1939 to 1940 in 
numbers of animals feeding in the oaks in the fall, 
while in the farm corn fields, where grain was avail- 
able in both years, there was little activity in 1939 
and considerable feeding in 1940. Further discussion 
of damage and predation and application in man- 
agement of the above findings will be discussed under 
Management, p. 236. 


DENNING HABITS 


The type of home chosen by a raccoon varies with 
the region and availability of sites. Being adaptable 
by nature, the speeies usually makes the best of_a 
situation, and if the favorite tree type of den is not 
available, a home is made in a fallen log, a crevice 
of rocky outcroppings, or in a ground hole. The 
statement of Beddard (1909) that they den in trees, 
but carry on their business elsewhere, is a good clue 
to their usual habits. Some of the states where rocky 
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crevices are most often used are Indiana (MeAtee 
1907), Iowa (Giles 1940), Texas (Bailey 1905), and 
California (Grinnell, Linsdale & Dixon 1937). In 
reference to Monroe County, Indiana, McAtee (1907) 
says that every one of the numerous eaves in the 
region had at least one ’eoon living in it. In Mich- 
igan, where few rocky outeroppings oceur in raccoon 
range, caves are unimportant. Reportedly ground 
holes are used in areas where hollow trees are searece, 
but where both types of den site exist, the latter are 
used by preference, and furnish the majority of dens. 
Certainly at Swan Creek, where tree dens are plenti- 
ful, they are preferred; in fact, there is no available 
evidence that any other kinds are used. During the 
investigations, several hundred hollow trees were 
climbed and examined. One hundred forty-three of 
these were marked as potential denning sites, and 
the majority were re-examined several times in the 
course of two years. Thirty-four tree dens were 
found oceupied on at least one occasion, and 41 


others showed evidence (hair or seats) of having 


been used. Numerous reports by hunters that the 
animals are living in ground holes, or eavities 


amongst tree roots, or even tile drains, undoubtedly 
are due in many eases to the fact that individuals 
being pursued or disturbed take to the most accessible 
cover, which is often one of these kinds of temporary 
refuge. 

Though, as pointed out previously, the sandy up- 
land plains are important in furnishing a food sup- 
ply (mast), the lowlands are preferred for denning. 
During the most intensive feeding period in late 
November and early December, immediately before 
winter denning, when the raccoons were feeding reg- 
ularly on mast in the uplands, they still denned in 
the bottoms. On several occasions, of the large num- 
ber of tracks seen crossing the dragged road, those 
going to the uplands had been made early in the 
night in moist, unfrozen sand, while those return- 
ing to the bottoms had been made later on a slightly 
frozen erust. In one instance, two toe-clipped juve- 
niles, whose tracks of the previous night were seen 
leading both ways across the road, were found the 
same day together in a den in the lowlands. Of the 
total of 34 occupied dens located, only three were in 
the oak habitat and they were within 50 yards of the 
steep bank which separates the uplands and flood- 
plain. Only six of the 41 used dens were in uplands, 
two of which were a mile from a source of water. 

TREE DENS 

Species of tree probably means little to home-hunt- 
ing raccoons, although the smoothness and hardness 
of the bark may preclude their use of beech (Fagus 
grandifolia). Hunters have often asserted that rac- 
coons cannot climb this smooth-barked species. Some 
verification came when animals were first released in 


1939. Several ran to some large beeches, approxi- 
mately 24 inches in diameter, and tried to elimb 
them. Not one succeeded in getting a footing, and 


they went up other nearby trees. They were pen- 


raised animals, however, and their lack of sueeess 
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TABLE 5. Size and 
pied raccoon den trees. 
were estimated. 


distance from water of 34 oceu- 
Distances except tree diameters 





Average 
re : distance Average Average 
Kind of tree Number to water | height | diameter 
in feet in feet | in inches 
Red maple.......... 22 388 52 28 
(Acer rubrum) | | 
American elm. . 4 280 74 37 
(Ulmus americana) 
White oak... ...... 3 800 } 47 23 
(Quercus alba) 
Black oak........... i ‘Regi i Gas 
(Quercus velutina) | 
Sugar maple........ 1 300 60 24 
(Acer saccharum) 
White ash....... 1 150 60 26 


(Fraxinus 
americana) 

Butternut.......... 1 500 50 | 29 
(Juglans cinerea) | 


NG ng oS 1 25 60 27 
(Platanus | 


occidentalis) 
Average. . 409 55 } 28 


may not have been indicative of the abilities of wild 
raccoons. 

Table 5 shows the species and size of 34 trees with 
occupied dens and their average distance from water. 
Over two thirds of the trees were red maple (Acer 
rubrum). This species is predominant in the lowland 
habitat, and the majority of the larger individuals 
are hollow to some extent, which probably accounts 
for its furnishing the high percentage of dens. Elm, 
ash, and others are not only fewer in numbers, but 
are apparently more resistant to decay, thus provid- 
ing a smaller number of denning sites. All occupied 
dens were within 300 yards of a creek, bayou, or 
river, the average distance being about 400 feet. Two 
hollows with hair as evidence of use by raccoons were 
one mile from the nearest water. To what extent 
these dens were used is unknown. Available evidence 
indicates that where denning facilities are abundant, 
those within one-quarter mile of water are first to be 
utilized. Where dens are searee, it may be that some 
at greater distances are of necessity used, but it seems 
reasonable to assume that in an optimum habitat, 
dens should be within one-quarter mile from water. 
This knowledge is significant in making plans for 
habitat improvement. 

The average height and diameter of den trees gives 
an indication of the size, and therefore, to some ex- 
tent, of the age, of species which contain suitable 
hollows. The smallest tree was 16 inches in diameter, 
the average for each species being shown in Table 5. 
It is highly probable that none of the trees was under 
50-75 years of age. This will be diseussed further, 
p. 236, as it applies to management. 

Many writers state that the usual tree den of a 
raceoon is high above the ground, but the present 
study tends to disprove this. Figure 25 shows the 
distribution of heights of oceupied dens. Seven of 
them were from 7 to 20 feet up, 11 between 20 
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and 30 feet, 10 between 30 and 40 feet, and the 
remaining 6 between 40 and 65 feet. The histogram 
shows at a glance that over half (21) were between 
20 and 40 feet up, or over three times as many as 
were above 40 feet. One was as low as 7 feet. The 
average height of all was 271% feet. 

Suitability of the den cavity itself apparently is 
dependent mainly upon its size and dryness, the 
entrance diameter seeming to be of less importance. 
The average-sized hollow measured 14 x 11% inches 
in diameter, with the majority being near the 14-inch 
mark. One measuring 7 x 7 inches was found oceu- 
pied by a lone yearling female. Another, only 
10 x 10 inches inside, contained a litter of three 
young a few weeks old, which means that a rather 
small den can accommodate a female and her young 
(Table 6). 
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DISTRIBUTION OF HEIGHTS ABOVE GROUND 
OF 34 OCCUPIED RACOON DENS 
Fic. 25. Over half of the dens were between 20 and 
40 feet from the ground, 


The dryness of the den usually depended upon 
whether or not it extended to the base of the trunk. 
Those hollows which reached to the ground were in- 
variably wet and generally avoided by raccoons 
(Fig. 26). Otherwise, depth does not seem to be of 
great importance, since there was a wide variation 
between the two extremes, from those with the en- 
trance at nest level to one measuring 11 feet deep 
(Fig. 27). The average was 38 inches. Entrances 
were of various sizes; unless one was so large as to 
make the eavity little more than an open shelf, or 
too small to allow entrance, any hollow seemed ae- 
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Fig. 28. Den with entrance measuring only 5 x 34 
inches occupied by yearling male on Febru: 29, 1940. 
Probably original cavity made by woodpecker. 


Fig. 26. The hollow in this tree which extended to the 
ground was usually wet and therefore unsuitable as a 
den. Such trees furnish good refuge sites, however. 


Fig. 27. A very good den which was 11 feet deep. Fig. 29. Rather exposed den occupied by female and 
Sawed open to remove raccoon for examination. litter. Opening extended about 8 feet above nest. 
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ceptable to a raccoon. Dens with holes as small as 
5 x 3 inches and 444 x 4 inches were used in late 
winter and spring, although it is doubtful if open- 
ings so small could be entered by fat animals in fall. 
Representing the other extreme was a wide trunk 
opening, which tapered to a V at nest level (Fig. 
29). The average entrance measured 121% x 6 inches. 

The exposure, or direction to which the entrance 
faces, also appears to matter little. Approximately 
equal numbers of those examined were facing differ- 
ent directions, and 13 were open from the top, i.e., 
the entrance was from the top of a broken stub or at 
a crotch leading into the hollow trunk. 

Table 6 gives complete data, including animals 
found in each, for 34 oceupied dens. All measure- 
ments except the estimated height of tree, and dis- 
tance from water, were taken carefully with flexible 
steel tapes. 

Raccoons apparently never add any nesting mate- 
rial to their dens. Invariably, there was a quantity 
of deeayed and erumbled wood residue, which had 
accumulated as the cavity formed, sufficient to make 
a comfortable, dry nest for the animals (Fig. 30). 
Den sanitation was evident, as all were dry and 
clean. Shelf-like cavities in the trunks and branches 
of some of the older trees, which were often little 
more than shells, seemed to be utilized considerably 
for temporary refuge and resting. It seems probable 
that raccoons may use such open sites, or perhaps 
lie out on the larger branches during the summer 





Fig. 30. 
was the wood residue resulting from decay and insect 
activity. 


The only nesting material in raccoon dens 


months, instead of using the better protected dens 
to any great extent. Data are principally negative 
in this respect, however, for although a considerable 
number of hollows were examined in summer, only 
onee was one found occupied, and the two animals 
there may have taken refuge because my dog was 
trailing a third raceoon nearby. Reports of their 
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being found out in trees during the day in summer 
may be indicative of raccoons’ usual habits at that 
time of year. 

Adult raccoons probably. prefer to den singly, and 
the cireumstances under which animals have been 
found indieate that females alone care for their 
young. In the examination of 10 litters, varying in - 
age from 10 days to 10 weeks, either the young were 
by themselves in the den, or were with a female only. 
During the oestrus period, when females are receptive 
to breeding males, adults of both sexes were always 
found denning alone. Yearling females were also 
found singly at such times, with one exception. One 
in heat was denning with a year-old male. Several 
times two yearling males were found together. This, 
with other evidence from tag returns and track ob- 
servations points to the fact that family groups 
break up sometime in the fall, the female going her 
own way, and the young often living singly or in 
groups of two or three. 


WINTER DENNING 

Winter denning, rather than hibernation, will be 
used in this diseussion to denote the protracted in- 
activity of raecoons in winter. The latter term, used 
by most writers who have diseussed habits of the 
species, implies a torpid, lethargie state such as is 
assumed by woodechucks and spermophiles, but which 
is not characteristic of the winter sleep of raccoons. 
During the coldest, most severe time of winter, the 
animals are curled up in their dens asleep, but upon 
the slightest disturbance are wide awake and, if 
necessary, ready to defend themselves. This state- 
ment is based on observance of 20 raceoons found 
in dens during the winter months, which were in full 
command of all their powers of defense. Benedict 
& Lee (1938) who conducted intensive experiments 
in marmot physiology say “The facts are that no 
animal appreciably larger than the-hedgehog or mar- 
mot has been definitely proved to be in hibernation.” 
The raccoon, although not a great deal larger than 
the marmot, may be ineluded here, and hibernation 
in its strietest sense should not be used concerning 
the species. 

The facet that raceoons do not remain in their dens 
continuously throughout the winter was noticed many 
vears ago by Kennicott (1858) of Illinois, who says 
that “hibernation” is not profound—the .- animals 
coming out on mild days. It is generally agreed that 
the extent of the winter denning period throughout 
the animal’s- range varies with latitude. - In the 
southern states, there is no such period at all, while 
at the northern limit of the range, it may be several 
months long (Anthony 1928). A good example of 
the effect of climate in this respect is shown by eon- 
ditions in Oregon. Bailey (1936) reports that there, 
in. the low country, raccoons probably do not “hiber- 
nate” at all, but do’so where deep snow is found. 
Whitney (1931), who has made observations in 
Massachusetts and Connecticut, believes that relative 
temperatures govern activities of the animals; i.e., 
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TABLE 6. Data for 34 oceupied raccoon dens. 
TREE Dens Raccoons 
oe Pe 
= > 3 £ Ce ee 5 
= Ed oi ole 2 wr S & = a | 
a1 -¢ % Sa isites| 24 2h ssf, 
Ef 2 ‘ $8 |) G\&s| 3% Es |Se/ 3s S 2 
z = 5 2s | ‘3 |.8°5| 3 s- |S) ‘as a. 
m a < Ae =z lAaes| = A€g |Amt As <5) i 
94 1-15-40 | Red maple 300 | 60 | 27 | 36; 9 x 9 | 55| 14 x14 |N Top | 2 yearling 7 
99 2- 2-40) Amer. elm 600 | 70 | 39 | 47| 8 x 4 | 37); 2 x16 iW | Side | 2 ? 
65A 2- 3-40 | Red maple 800 | 50 | 40; 7/19 x 43] 19 | 23 x 143/S Side | 1 yearling 9;1? 
102 2- 7-40 | Red maple 25 | 50; 28; 12|} 8 x 6 6| 14 x12 | SW Side | 129 
105 2-12-40 | Red maple 100 | 50 | 26 | 32/ 12 x11 | 31; 14 xill |S Top | 1 adult 9 
106 2-12-40 | Red maple 300 | 40 | 22 | 144) 63x 43| 14) 12 x 9 |W | Side| 1 yearling # 
107 2-12-40 | Red maple | 1200 | 55 | 23 | 383) 5 x 3 9/10 x10 |N | Side | 1 adult 9 
108 2-12-40 | Red maple 300 | 50 | 27 | 1531 10 x 8 | 37 | 14 x12 |S Side | 1 yearling 9 
109 2-12-40 | Red maple 300 | 30 | 22/| 11} 10 x 4 | 54| 14 x14 |SE | Top! 1? 
11] 2-14-40 | Red maple 500 | 45 | 36 | 31/15 x 7 | 15} 22 x12 |S Top | 1 yearlingo’; 1 ? 
1 2-21-39 | White oak 600 | 45 | 30 | 273} 73x 4 | 16| 93x 93|SW | Top} 1 yearling 9;1? 
114 2-28-40 | Red maple 200 | 60 | 18 | 32| 7 x 43/182) 14 x12 |N_ | Top} 1 yearling o: 1 yearling ? 
115 3- 5-40 | Red maple 100 | 293; 26 | 293; 9 x 63| 74} 17 x14 | Top| Top| 2 yearling @; 1 adult 9 
19 4- 5-40 | White oak 1300 | 55 | 23 | 35 | 44x 4 |72| 7ix 7 |W | Side| 1 yearling 7 
26 4- 5-40 | White oak 500 | 40 | 16 | 223) 5 x 33) 48| 9 x 8 | W_| Side} 1 yearling 7 
119 4-22-40 | Amer. elm 300 | 65 | 23 | 233) 17 x 13}| 46 | 15 x12 | NW| Side | *2 adult 7 
52A 4-24-39 | Amer. elm 200 | 85 | 54} 65 | 16 x 6 | 6| 16 x12 |/E Top | 1?¢ 
121 4-24-40 | Red maple 50 | 65 | 27 | 514, 11 x 9 | 10/11 x 9 |E_ | Side] 1 yearling 9 
125 4-25-40 | Red maple 300 | 50 |} 22} 13 | 12 x 53/120; 12 x12 | E Side | 1 yearling 2 
59 5- 3-40 | White ash 150 | 60 | 26 | 23| 63x 5})/ 20) 13 x10 | NW| Side} 1 adult 9 and litter of 4 
1- 8-40 | 1 yearling @ 
129 5- 3-40 | Butternut 500 | 50 | 29 | 38 | 14 x10 7|15 x10 |E_ | Top} 1 adult 9 and litter of 4 
100A 5-10-40 | Red maple 50 | 60 | 38 | 463) 53x 3 | 37 | 12 x12 | NE | Side| Litter of 3 
63 5-11-39 | Red maple 300 | 75 | 42 | 55 | 63x 3 | 42| 12 x11 | E | Side! Litter of 5 
4-29-40 | | | Litter of 7 
66 5-11-39 Red maple 500 | 40 | 23 | 22; 63x 3}| 36/10 x10 |W | Side| Litter of 3 
130 5-11-40 | Red maple 900 | 70 | 33 | 383} 9 x 33| 54/| 14 x14 | Top| Top! 1 yearling 9 
68 5-17-40 | Red maple 600 | 50 | 28 | 263, 15 x15 |120) 15 x15 |S | Top! 1 adult 9 and litter of 5 
134 5-23-40 | Amer. elm 20 | 75 | 31 | 21 | 57 x 6 | 34] 138 x13 |N | Side | 1 adult 9 and litter of 4 
136 5-24-40 | Red maple 300 | 60 | 25 | 26| 18 x 5 | 58/12 xll |E | Side | 1 adult 9 and litter of 3 
137 5-27-40 | Sycamore 25 | 60 | 27 | 363) 7 x 5 6 | 17 x12 | NE | Side! 1 adult 7 
138 5-28-40 | Red maple 900 | 50 | 24 | 21) 5 x 3 | 42/ 14 x12 | SW | Side! 1 adult 9 and litter of 4 
75 6-14-39 | Black oak 900 | 65 | 29 | 233) 50 x 5 | 0} 15 x12 |E_ | Side| 1 adult 9 and litter of 4 
74 7- 7-39 | Red maple 300 | 40 | 23 | 144] 14 x10 | 29/ 14 x10 |S |Top | l adult 9 and 1 juv. #7 
51 12- 8-39 | Red maple 200 | 70 | 33 | 56; 7 x 43 | 10} 15 x15 |N_ | Top| 2 juvenile 7 
139 12-23-40 | Sugar maple 300 | 60 | 24 | 37 93x 4 9/12 x12 | NE |} Side | 1 adult 
Averages 409 | 55 | 25 | 273] 123 x 6 | 38 | 14-x 11}! 





they “hole up” coincident with a drop in temperature 
and become active with a rise, in both fall and winter. 

It was possible to record almost the exact date 
when raccoons began protracted winter denning in 
the Allegan region in 1939. The fall was unusually 
moderate, and mild weather extended to mid-Decem- 
ber. On December 13, snow fell, and thereafter 
raccoons appeared to remain in their dens. They 
were feeding regularly on acorn mast in the uplands 
and erossed the dragged road each night as they 
came from dens in the bottoms. Tracks of the same 
animals were sometimes seen night after night in the 
same locality. Observations of this kind were made 
here from November 25 to December 15. Table 7, 
which gives the ground condition, temperatures, and 
number of tracks seen for each day during the 
period, seems to tell a rather complete story econ- 
cerning the activities of the raccoons at that time. In 


*One of these two males had been released from captivity three miles away the previous October. 


late November, lowered temperatures appeared to 
have caused reduced activity. With warmer weather 
in December, lasting until the 15th, activity increased 
and reached a peak on December 7, when 17 different 
raccoons crossed the road. However, though temper- 
atures did not drop to any great extent, outside 
activity ceased entirely when snow came on Decem- 
ber 13, and on the three following nights not one 
track was seen in the snow. Evidently, the winter 
denning period had begun abruptly. 

In 1940, snow came earlier, and raccoons denned 
earlier. From November 27 to December 21, there 
was snow on the ground, and the animals ceased 
outside activity. However, when the ground became 
bare, and warmer temperatures prevailed from De- 
cember 22 to January 3, they were again traveling 
about and feeding regularly. It snowed again on 
January 4, after which the animals remained in their 
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dens. It appears that the coming of snow, rather 
than temperatures, was the deciding factor which in- 
duced raccoons to cease outside activities, late one 
year and earlier the next. On the other hand, later 
in the winter when snow has been on the ground for 
a month or more, temperatures seem to have more 
influence. In the winter of 1939-1940, snow remained 
after December 13, and later attained a depth of 
about two feet. No evidence of outside activity by 
raccoons was noted until the first thaw on February 
5, which was coincident with mating activities. Very 
little feeding was done until about mid-March, or 
three months after they had first “holed up” in De- 
cember. In years of mild winters, feeding would 
probably be resumed in early Mareh, but snow in 
the fall often causes denning to begin earlier than 
it did in 1939, and therefore the usual extent of the 
winter denning period, during which very little food 
is taken, is about three months in most of Michigan’s 
raccoon range. 

Provision enabling animals to subsist during such 
a long fast is in the form of a large reserve of fat, 
accumulated in fall (p. 211). In its characteristic 
attitude a denned raeeoon has its head, feet and tail 
drawn closely together underneath the body so that 
little more than the fat-covered back, thighs, and 
rump remain exposed. The fat layer thus serves as 
insulation as well as a nutritional reserve. 


TABLE 7. 
coon activity. 


Ground conditions, temperatures, and rae- 





TEMPERATURES 

















Ground Number of 
conditions | tracks 
Minimum Maximum 
Bare 25 | 42 1 
” 10 39 3 
a 10 43 0 
s 12 | 48 1 
by | 14 | 47 5 
” 28 50 5 
“ 39 44 ? 
oy 44 43 ? 
” | 35 44 3 
es 30 38 9 
Ss 30 37 4 
” 32 38 16 
se i 30 45 17 
S:. 7 22 49 13 
9.. : 22 43 10 
10.. ’ 37 49 12 
11 , 30 49 | 11 
12 v 27 39 5 
13....| Snow 1 in. 30 47 0 
14....| Snow 114 in. 25 33 0 
| re | Snow }9 in.| 16 36 | 0 
| uy 
RANGE 


The range of individual raccoons has received little 
more than passing mention in the available literature. 
Accumulated information includes only a few easual 
observations by those who have discussed the species. 
Audubon & Bachman (1851) mention tracking a pair 
in snow for a mile circle. The writer has also trailed 
males one and one-half miles in the snow during the 
hreeding season. In Texas, Bailey (1905) says rae- 
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coons may go from one half to one mile from their 
cliff dens to feed in the streams. Others report the 
animals traveling greater distances. Whitney (1931), 
who hunted ’ecoons in Connecticut, reports following 
families four and five miles, and Grinnell, Linsdale 
& Dixon (1937) in California found two animals 
traveling regularly seven miles in a round trip to_ 
visit a prune orchard. In the latter case, an attrae- 
tive food supply may have lured the raccoons a 
greater distance from home than usual. It is pos- 
sible also that in some eases more than one animal 
was involved when an observer found signs in dif- 
ferent places. Seton’s (1929) statement concerning 
the Adirondack and Catskill region, that no man 
traveled or trapped there for a month without pass- 
ing within hearing of one hundred ’eoons but saw 
none, certainly holds for the Swan Creek region and 
probably for other areas of Michigan and various 
other states as well. 

During the present investigations, exact reeords 
for individuals were obtained by the capture of tag- 
ged animals in traps or dens, or by observations of 
the tracks of those with clipped toes. The data pre- 
sented are based on such records obtained during the 
summer of 1938 and during the two-year period be- 
ginning in February, 1939. Trapping records were 
obtained from May to December in 1939, and May 
to October in 1940. Figure 31 shows the locations 
of traps where the majority of catches were made. 
In addition, traps were in operation along one mile 
of Swan Creek south of this area, and along two 
and one-half miles of the Kalamazoo River and 
bayous north of it. Moreover, for cottontail studies 
of other workers, numerous traps were stationed in 
Section 32, Heath Township, Sections 4, 5, 8, and 9, 
Valley Township, and in adjoining townships to the 
west. The majority of these were in the oak upland 
habitat, where they oceasionally caught raccoons 
which had gone there to feed. 

Tracks were observed throughout the year, those 
of toe-clipped individuals being distinguishable in 
mud, sand, and snow. Cursory observations were 
made as the traps were tended and along the various 
roads shown on the map in Figure 31. The road 
extending north from the experiment station head- 
quarters and diagonally across Section 5, Valley 
Township, was dragged as a track register from 
November 25 to December 13 in 1939, and at vari- 
ous times during the spring and summer of 1940. 

Range data are represented by 459 rerords ob- 
tained for 87 animals, comprising 19 adult males, 17 
adult females, 27 juvenile males, and 24 juvenile 
females. Records for any one individual are too few 
to warrant giving any seasonal ranges. In the case 
of juveniles only, these locations for the animals 
during their first year are included. For some adults 
the period during which data were obtained extends 
over nearly two years. Ranges discussed here should, 
therefore, be considered “total apparent range” of 
animals of the sex and age under consideration. The 
term “range diameter” used throughout the diseus- 
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Fig. 31. Traps were also operated in 1939 and 1940 
along one mile of Swan Creek south of Section 8, Valley 
Twp., and along two and one-half miles of the Kalama- 
zoo River and bayous northwest of Section 32, Heath 
Twp. 


sion refers to the measurement in a straight line be- 
tween the two most distant points recorded for an 
individual. 

Table 8 presents in summary form the range data 
for raccoons in each of four classes separated aceord- 
ing to age and sex. For each group the maximum, 


TABLE 8. 
over a period of as 
only during the first 


Data on raccoon ranges: Includes records 
much as two years for adults, but 
year for juveniles. 











Longest Calculated 
Number of | diameter of area of 
records per | known range | known range 
individual in miles in acres* 
Age Sex Ms pi a 
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S\ELEl/s/ E18) 2/2) 8) 2 
Ele ele el e/ lel aelé 
ZIG ie er reiaie) ais 
Zialiaeli<e¢l/alali<|alai< 
Adults.....| Male 19 | 36 3 | 7.0; 2.0) .3 |1.0 |2012) 45 | 503 
Female | 17/19} 3] 7.1) 1.4] .2| .7 | 930} 13 | 268 
Juveniles. ..| Male 27 | 10 2 | 3.4, 1.9) .1 | .7 |1777| 5 | 268 
Female | 24| 18] 2 | 4.6 1.3} .1] .5| 798} 5] 111 






































*These figures give the areas of circles having diameters equal to 
longest diameters of the known ranges of the animals 
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minimum, and average number of records per indi- 
vidual are given and also the range diameters in the 
same categories. While the diameters have obvious 
limitations as far as indicating true ranges is con- 
cerned, they at least show the distances to which 
the animals travel at times. Perhaps “eruising di- 
ameter” would be a more appropriate term. Insofar 
as the data indicate usual extent of range, their value 
is enhanced by the fact that trapping operations 
and eoneurrent track observations were in progress 
in 1939 and 1940 along approximately 10 miles of 
the Kalamazoo River and a tributary creek and 
bayous, while the greatest range diameter was only 
two miles. Distribution of the range diameters about 
the means is shown in Figure 32. 

Table 8 also indicates maximum, minimum, and 
average calculated range areas. These figures are 
presented here for what they may be worth, as indi- 
eating the size of an area used by a raccoon. For 
the purpose of this discussion, the average range of 
an animal was assumed to take a cireular shape, and 
in each case areas were calculated by using the range 
diameter as the diameter of a circle. It is true that 
during the summer, when much of a raccoon’s feeding 
is near water, the distance between points of capture 
is probably the more significant, since the animal 
might oceupy only a narrow strip of territory, along 
a stream for instance. However, in fall when the 
animals are eating widely seattered mast and fruits, 
the entire area delimited by a circle would more 
likely be visited. 
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Fig. 32. Histogram showing distribution of range 
diameters about the means. 
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FIGURE 33. 


ADULT MALES 


Range data were obtained for 19 adult male rac- 
coons, with a maximum, minimum, and mean of 36, 
3, and 7 records per individual respectively. The 
known location records for 5 of these animals were 
plotted on a base map and the outer boundaries con- 
nected by straight lines (Figs. 33 and 34). Sueh 
inclosed areas indicate the known territory utilized 
by each animal. The plotted range of raccoon No. 
694 (Fig. 34) is probably most significant of those 
herein presented, for animals of both sexes. A total 
of 11 trap catches and 25 track locations were 
recorded for this individual. It was known that he 
visited practically all parts of the range shown on 
the map, which amounts to approximately one and 
one-half sections, or 960 acres. 

Table 8 gives the extreme and average range di- 
ameters for the 19 adult males. The longest, of 2 
miles, was for one recorded six times. Two other 
long diameters of 1.9 miles were shown for ani- 
mals recorded 7 and 36 times. The mean was 
exactly one mile. Using these measurements as di- 
ameters to caleulate the areas of theoretical cireular 
ranges, there resulted a maximum of 2,092 aeres, 
minimum of 45 acres, and average of 503 acres. The 
territories of adult male raccoons, as shown by the 
above data, were larger than those of females or 
juvenile males. This seems logical when we consider 
the fact that males have no part in earing for the 
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young, and are free to wander about by themselves 
during most of the year. 


ApULT FEMALES 


An average of 7.1 range records were recorded 
for each of 17 adult females, with extremes of 3 and 
19. Available records for 4 animals were plotted as 
shown in Figure 35. Figure 36 shows the known - 
ranges of five females, both as juveniles in 1939 and 
as adults, or more exactly as yearlings, in 1940. The 
maximum, minimum, and mean diameters of 1.4, .2, 
and .7 miles, respectively, as shown in Table 8, indi- 
cate a smaller range than for males. Using one half 
the determined range diameters as the radii of cir- 
cular ranges, we find an average area of 268 acres, 
with greatest and least acreages of 930 and 13, 
respectively. 

JUVENILE MALES 


Range data for 27 male juveniles were used, and 
records of from 2 to 10 with a mean of 3.4 per 
animal were obtained. Maximum, minimum and 
average diameters of 1.9, .1, and .7 miles, respectively, 
were recorded. Theoretical areas were 1,777 and 5 
aeres as the extremes, and the mean was 268 acres 
(Table 8). It will be noticed that the average range 
size was exactly the same as for adult females, which 
is logical, since the young remain with the mother 
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Figure 35. 


during their first year, at least until fall. The known 
ranges of 5 animals were plotted in Figure 38. 


JUVENILE FEMALES 

For 24 juvenile females, 2 to 18 locations per 
animal were recorded, with an average of 4.6. The 
mean range diameter was .5 miles with extremes of 
1.3 and .1 mile. Cireular areas were found to be 
798 acres as a maximum, 5 acres as a minimum, and 
111 acres as the average. The determined mean is 
smaller than for juvenile males, which is not con- 
sidered significant, since juveniles of both sexes prob- 
ably cover areas of equal size. Returns from hunt- 
ers have shown that some juveniles, both females and 
males, travel considerable distances in fall, indicating 
true dispersal, to be diseussed later. 

Five known ranges of juvenile females are plotted 
in Figure 37. It is. interesting to note the great 
similarity in size and location of those females num- 
bered 2,314 and 2,315 (Fig. 37) and male 2,321 (Fig. 
38), which animals comprised a complete litter. They 
were often all caught in adjacent traps and some- 
times two in one trap, probably remaining for the 
most part within the territories as plotted, or within 
an idealized cireular area of 147 acres. 
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OVERLAPPING RANGES 


Available data on ranges indicate that raccoons do 
not defend “territories” as do some other species. 
This is true of both males, and breeding and non- 
breeding females. The evidence for this statement 
is the overlapping of known ranges as plotted in 
Figures 39 and 40. In making these maps, only the 
known locations recorded in one year (1940) were 
used. For females, the majority of records were 
obtained during the time that young were being 
reared. 

Figure 39 shows the overlapping ranges of 16 
adult males. Tracks of several individuals were 
often seen on the same days within a short distanee, 
or at the same loeation. Different animals were 
sometimes taken in the same traps within the space 
of a few days. It can be said that within the dura- 
tion of a year, males will oceupy an area which is 
also occupied by other males, and that the same 
parts of the area may be visited by several males. 

The ranges of 11 females, which in many eases ex- 
tended over the same area, are shown in Figure 40. 
The animals ineluded eight individuals known to have 
reared young, and three which did not. This map 
shows clearly that several females may use a certain 
territory. The relative locations of dens oceupied 
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FIGURE 37. 


by females and litters are also significant in this 
respect. In 1939, three rearing dens were so situated 
that the middle one was within 600 feet and 900 
feet of the two others, which were in opposite direc- 
tions from it. Certainly, the proximity of these dens 
indicated that the females ranged over the same ter- 
ritory during their search for food and other nightly 
activities. 

Further evidence of a similar nature was obtained 
in 1940, when two females with litters were located 
in dens only 600 feet apart. That these two animals 
not only covered the same territory, but also visited 
some parts of it in the same night, was shown by 
the fact that both were caught along a ditch one 
night in traps only 150 feet apart. They were prob- 
ably both feeding along the same route. Moreover, 
a third lactating female had been taken only four 
days earlier in one of the same traps. It is evident 
that there was no serious conflict between the females 
in this area, and that no exclusive “home areas” were 
established. 


DISPERSAL 


Available evidence indicates that some juvenile 
raccoons migrate, or disperse, from the territories in 
which they are born, and probably become established 
in new localities. Information relative to this point 
was obtained from the return of tags by hunters 
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who killed marked individuals. Inasmuch as such 
returns were the last records for the raccoons, it 
cannot be proven that the animals would not have 
returned to their original ranges, but the distances 
to which many traveled made it highly probable that 
they had migrated permanently to live in new areas. 

A total of 62 kill loeations were reported, 20 for 
adults, and 42 for juveniles. Analysis of these rec- _ 
ords showed that 14 of the juvenile raccoons traveled 
3.5 miles or farther from their respective earlier 
recorded ranges, with the distances for 13 ranging 
between 4.5 and 27 miles. Since the maximum sum- 
mer range diameter of juveniles was not over 2 
miles, these 14 animals were considered to have dis- 
persed. The remaining 28 were taken within 2 miles 
or less of their known ranges. The maximum dis- 
tance at which any adult, either male or female, was 
taken from the last recorded location was 2.25 miles. 
Therefore, no adults were considered to have left 
their former range, since a maximum range diameter 
of slightly over 2 miles had been recorded for them 
by live-trapping and track observations. 

Table 9 gives the summarized data concerning the 
movements of 62 raceoons taken by hunters. The 
reported distances were measured off in straight lines 
on a map, and are considered accurate to the nearest 
quarter mile. The kill locations should be reliable, 
since many hunters reporting were contacted at least 
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once during the work, and were aware of the im- 
portance of getting correct information. Whenever 
any doubt existed as to the place of kill, or when 
incomplete descriptions were received, the hunter was 
either interviewed, or sent a letter to obtain complete 
data. 

The average distance traveled by the 9 dispersing 
juvenile males was 11.75 miles. A maximum of 27 
miles and minimum of 3.5 miles were reported. For 
the 5 dispersing females, extremes of 16 and 4.5 
miles were recorded, with a mean of 8.25 miles. It 
is doubtful if the difference between the averages for 
the two sexes is significant. 


TABLE 9. Data on movements of raccoons in Fall as 
indicated by hunters’ returns of tags. Distances were 
recorded to nearest .25 of a mile, and averages were 
corrected to nearest .25 of a mile also. 
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There were 28 non-dispersing juveniles, of which 
15 males traveled maximum, minimum, and mean 
distances of 2.0, .00, and 1.0 miles, respectively, and 
13 females traveled 2.00, .25, and .75 miles, re- 
spectively. Adults, none of which migrated, were 
also grouped separately as to sex, but the differences 
in distance are also probably not significant. Seven 
males averaged 1.0 mile, and 13 females .75 mile. 

It appears that the migration of young raccoons 
usually oceurs sometime during fall of their first 
vear. However, records for two males show that one 
remained in his home territory at least until Feb- 
ruary after birth, or when approximately 10 months 
old, and the other at least until May, when he was 
about one year old. It therefore seems that some 
may spend the winter near their original homes be- 
fore moving out. 

Since many of the juveniles had not migrated by 
fall, they probably would not do so later. That many 
did not, was definitely shown by records for animals 
tagged as juveniles and caught the next year. They 
were known to have remained in the localities where 
born, Figure 36 showing the known ranges of sev- 
eral. One female tagged in a den in 1939 as one of 
a litter, was found the next year with a litter of 
her own in a den only half a mile distant. 

These data seem to point rather conclusively to 
the fact that some juvenile raccoons disperse, but 
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not all of them, and that adults remain in their home 
areas in fall. The map in Figure 41 shows the 


locations where the dispersing juveniles were last 
live-trapped and where they were killed. 
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Fic. 41. Map showing dispersal of juvenile raccoons. 


POPULATIONS 


In line with the dearth of information concerning 
raccoons in general, there has been little definitely 
known regarding populations of the species in any 
type of habitat. In Ohio, Williams (1936), who 
made an ecological investigation of a beech-maple 
climax community, estimated 10 to 12 raccoons to be 
present on a 65-acre tract, which would indicate a 
density of one raccoon per 5.4 to 6.5 aeres. Appar- 
ently his figures were based on track observations 
alone, so they are probably only a rough approxi- 
mation of actual numbers present. The area was 
within the North Chagrin Reservation of the Cleve- 
land metropolitan park system, and therefore was 
undoubtedly closed to hunting and trapping by the 
public. Lay (1939) reported a trapper taking six 
raccoons in 150 aeres or one per 25 acres in eastern 
Texas. In another case, 250 raccoons were trapped 
from 10,000 acres on Neches River and Piney Creek, 
representing a kill of one raccoon per 40 acres. Re- 
porting on an ecological study of a 500-acre farm 
in southwestern Michigan, Allen (1938) said that 
probably not more than two or three raccoons were 
present there at any one time in summer. 

Fairly good estimates of raccoon populations on 
two areas were obtained during the present investi- 
gations. On the Ottawa Marsh, live-trapping and 
tagging were employed in conjunction with hunters’ 
returns of tags to obtain a fall census. On the other 
tract, known as the General Study Area, intensive 
box-trapping, den investigations, and track observa- 
tions gave a good indication of the number of rac- 
coons present in the fall, and also of the composition 
of the population as to age and sex. 


OTTaAwA MarsH 


The Ottawa Marsh is a 1,235-aere tract lying along 
the Kalamazoo River (Fig. 42). It comprises 1,027 
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acres of floodplain where the ash-elm-maple type of 
forest predominates, and 208 acres of sandy upland, 
which supports principally second-growth white and 
black oak. Between two and three hundred acres of 
the lowland part is marshland, including open water 
and sedge meadow, with shrubby growth principally 
of buttonbush, and several species of dogwood inter- 
spersed (Fig. 43). é 
Sinee the fall of 1938, killing of all game on the 
area has been controlled as part of the experiment 
station program. Hunting and trapping privileges 
have been given to all individuals who asked for per- 
mits and agreed to file a report on game taken. In 
1939 and 1940, this system made available some in- 
formation concerning raccoons. It was conceivable 
that a ratio similar to the Lincoln Index (Lineoln 
1930) could be employed to ealeulate the total fall 
population, even though the numbers involved would 
be small, if complete records of tagged and untagged 
raccoons killed on the area could be obtained. Allen 
(1938) applied a similar technique in making a ecot- 
tontail census. Logically, the same proportion of 
untagged as of tagged animals would be killed. 
After determining the percentage of tagged rac- 
ecoons taken and the total kill for the area, the total 
population can be computed by use of the following 


‘ A } : 
equation : i—iwe where A = total kill, B = per- 
/0 
centage of tagged animals killed, and x = the total 


population. 


Possible errors in this method may arise from mor- 
tality prior to the hunting season, or from failure of 
the hunters to report all animals killed. 

However, all available evidence indicates that mor- 
tality of raccoons from causes other than hunting 
and trapping is low (p. 217). A number of hunters 
who obtained permits to hunt on the tract did not 
return report blanks, but there is evidence that such 
persons probably either did not hunt, or did not take 
any animals. Many permittees were under the false 
impression that they need not report unless they 
killed an animal. Probably few, if any, unreported 
kills were made. Perhaps some marked raccoons 
taken outside the area were not reported, but since 
every known hunter in Allegan County was sent a 
questionnaire, the number was probably small. 

1939 Census.—Live-trapping and tagging prior to 
obtaining the fall census in 1939 was done between 
July 27 and October 18. Since greatest trap efficiency 
could be attained during July and August, trapping 
was begun in July in order to tag a fairly large num- 
ber of animals, and 34 raceoons were tagged. Only 

2 of 88 hunters, who obtained permits, hunted rac- 
coons on the Ottawa Marsh. These reported a kill of 
34 animals. Trappers secured 2 animals, making a 
total kill of 36 raccoons. Of the 34 tagged raccoons, 
16, or 47 percent, were killed. The fact that 6 were 
taken outside of the Ottawa Marsh ean probably be 
disregarded, because hunting pressure within and 
without was about the same. 
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Aerial photograph of the Ottawa Marsh. 


Fig. 42. The Kalamazoo River forms the northern boundary, and 
Daily Bayou traverses the tract from east to west. Photo by U. S. Department of Agriculture. 






















Fig. 43. 


Marsh, shrub zone, and ash-elm-maple forest 
of the Ottawa Marsh tract. 


Substituting the figures in the equation we have: 


A 2 36 x eae . 
B =i r= = 76.5 raeeoons in the total fall 
population. 


According to these caleulations, there was an aver- 
age density of one raccoon per 16.2 acres on the 
1,235-aere tract. Such a figure would represent a 
maximum; the minimum occurring in spring, imme- 





diately before the young were born. Since 36 of 
the 76.5 animals were killed, 40, or one per 30.9 
acres, remained after hunting season. 

1940 Census—The 1940 census of the Ottawa 
Marsh was taken in the same manner as the one of 
1939. Thirty-six animals were tagged during the 
period from July 19 to October 24. The number of 
hunters who hunted and returned reports was 16, 
only two permittees, who may or may not have 
hunted, failing to report. Only 16 raccoons were 
taken on the tract. This rather low kill (less than | 
half that of 1939), was probably due to unfavorable 
hunting conditions. Though the kill for the area was 
smaller than in 1939, exactly the same percentage of 
tagged animals was taken, 17 of 36, or 47 percent. 
By substituting the figures in the proposed equation 
B = 100%; = i = 34.0 raccoons in 
the total fall population. According to these eom- 
putations, the fall population thus consisted of 34 
individuals, which denoted an average density of one 
raccoon per 36.3 acres. 

Evaluation of the Censuses.—Using similar census 
methods in the two years, 1939 and 1940, the eal- 
culated fall populations of the Ottawa Marsh was 
found to be 76.5 and 34.0 raccoons, respectively. In- 
asmuch as the method was the same in both years, 
the determined numbers should be usable for com- 
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paring relative abundance of raccoons. It appears 
that over twice as many raccoons were present on 
the tract in 1939 as in 1940. However, certain fac- 
tors could effect variations in the computations. First, 
the hunting season varied considerably because of 
weather conditions. In 1939, there were only three 
of the 45 nights when one could not hunt with some 
expectancy of success. Unusually mild weather pre- 
vailed into December and conditions were favorable 
to raccoon hunting until snow eame on December 13, 
to remain for the last three days of the open season. 
The situation was far different in 1940. Snow, heavy 
rains, high wind, and subzero temperatures reduced 
the season by 18 days, leaving only 27 suitable for 
hunting. Snow and severe temperature caused the 
animals to den temporarily, and on the nights of 
high wind and heaviest rain, it was extremely diffi- 
eult for man or work, though the 
an:mals may have been active. Thus, the reduced 
kill might be due to this factor. But when one con- 
siders that the same pereentage of tagged animals 
was killed in 1940 and in 1939, it appears that ad- 
verse conditions did not affect the kill. A tenable 
explanation of this may be found by consideration 
of ground conditions in the Ottawa Marsh. Due to 
high water and subsequent inundation in late summer 
of 1940, much of the tract was still flooded during 
November, making hunting very difficult. One hun- 
ter who took 23 raccoons there in 1939 took only 5 
in 1940. He reported that his dogs trailed: numerous 
an’mals which they were unable to “tree” because of 
the flooded conditions. Inasmuch as many of the 
tagged individuals were taken in 1940 outside of the 
tract, where these wet conditions did not prevail, a 
disparity in percentages of tagged and untagged rac- 
coons killed could be explained. Therefore, by taking 
these conditions into account, it is possible that the 
populations did not vary as much from one year to 
the next as it first appeared. Before hunting season, 
when approximately equal numbers (34 in 1939 and 
36 in 1940) had been tagged in the two years, it 
was believed that they were nearly the same. Since 
figures for the 1940 caleulations were small, thereby 
making the final total subject to considerable vari- 
ation by only a small difference one way or the 
other in the number killed, and since hunting con- 
ditions were so adverse, it seems likely that the 1939 
census was the more accurate. Concerning the num- 
ber of raccoons in the same region about 10 years 
prior to 1939, a member of the former Ottawa Hunt- 
ing Club, which owned the tract at that time, said 
that one fall their caretaker trapped 65 ’coons around 
the duck-shooting ponds where they were preying 
upon live decoys. Such a kill indicates that probably 
at least as high a population oceurred in 1929 as in 
1939. 


dogs to even 


GENERAL Stupy AREA 


The General Study Area is a 2,464-acre tract, 
chosen as the place for earrying out practically all 
of the intensive phases of the raccoon life-history 
investigations. Since the work there was intensive, 
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including extended live-trapping operations, den in- 
vestigations, and systematic as well as cursory track 
observations, a large proportion of the raccoons were 
either handled, or accounted for by track observa- 
tions. Clipped toes made it possible to identify some 
individuals: which were not trapped during certain 
perieds in 1940. 

The area differs from the Ottawa Marsh chiefly by 
embracing a considerably larger proportion of up- 
land, oak-forest habitat. The latter type comprises 
1,582 acres, and the floodplain portion, which is very 
similar to that of the Ottawa Marsh with its elm- 
ash-maple cover, comprises 882 acres (Fig. 44). As 





Fig. 44. 
outlined in black. 
by U. S. Department of Agriculture. 


Aerial map showing the General Study Area 
A, Lowland Den Study Area. Photo 


shown earlier, raccoons make their homes in the low- 
lands, but the adjacent oak country is an important 
part of their range, since it furnishes an attractive 
and substantial supply of food, in the form of acorn 
mast. At no point is the upland more than one 
mile from the bordering bottomland, and inasmuch 
as some animals were known to have gone that far 
away from the lowlands, it is probable that from 
one time to another most of the area was visited by 
raccoons. 

It should be pointed out here that during the 
study hunting restrictions were in foree over a vary- 
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ing extent of the tract. In 1938, only the lowland 
portion was closed; the next year all of it was closed; 
and in 1940 all of it was open to hunting. Restric- 
tions were in foree for the twofold purpose of con- 
serving tagged animals, many of known age, for 
which it was important to obtain records over as 
long a period as possible, and to secure information 
on the efficacy of a sanctuary. It was found in the 
first year, however, that since most of the raccoons 
went to the uplands where hunting was allowed, 
many were killed despite no-hunting regulations on 
the neighboring territory. This will be discussed 
further under Sanctuaries, p. 243. In view of this 
fact, the whole tract was posted against hunting in 
1939, to accomplish more effectively the original pur- 
pose. Since the active field studies were to be fin- 
ished by the end of 1940, hunting was allowed on 
the tract to gain every possible bit of information 
concerning the animals, and perhaps also to apply 
the same methods for caleulating the fall population 
as were employed for the Ottawa Marsh. The latter 
failed to materialize because, due to a combination 
of factors, hunters took too few animals to vield 
significant figures. 

Locations of traps operated on the General Study 
Area are shown in Figure 31. In 1938, during pre- 
liminary work prior to the beginning of the two-vear 
study in 1939, the trapline was less extensive than 
in the following two years. Loeation of a 
smoothed as a track register is also indicated. 
1938.—Known numbers of raccoons 
on the area in 1938 were determined entirely by the 
live-trap method. Trapping was earried on from 
June 28 to September 8 for a total of 2,249 trap- 
nights. The eateh ineluded 54 individuals, 12 male 
and 9 female adults, and 22 male and 11 female 
juveniles. Some of them repeated in traps, making 
a total of 99 catches. It may be noted that the 
adult female to juvenile ratio was 3.6, which would 
be about normal, inasmuch as an average of four 
young per litter was determined during subsequent 
investigations. 


road 


Numbers in 


It is difficult to judge what percentage of the rac- 
coons living on the area were handled, and also what 
percentage of the latter were residents. Undoubt- 
edly, some of the animals captured along the river, 
which bounds the area on the north, were borderline 
residents, whose ranges extended--both ways from the 
boundary. Aliso there is no doubt that not all of 
the inhabitants were trapped, since a few untagged 
ones were being taken near the end of the trapping 
period, and probably some were too wary to be 
caught at all. Therefore, the known number of 54 
should, reasonably, be considered a minimum; i.e., 
there were at least that many raccoons present, and 
probably more. It would mean that in fall there 
was probably no less than an average of one raccoon 
per 16.3 acres of the lowland in which the animals 
denned, or one per 45.6 acres of lowland and upland 
both, the latter probably constituting feeding range 
only. 
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Numbers in 1939.—Live-trapping was again the 
principal means of determining numbers in 1939, 
while den investigations furnished some further data. 
Owing to the fact that toe-clipping was initiated 
during this year’s work, all of the animals necessarily 
had to be caught at least once before they could 
be identified by tracks. 

One ean gain a fairly good picture of the known 
population of the area from the data in Table 10. 


TABLE 10. Records of raccoons known to be present 
on general study area in 1939. 
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| Adults | | 
Total number | | | 4 
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les alee sieunapioaiaiinins 
AS ree 
| 9.) 39 
Repeat records 
13 20 
27 40 
all 
57 96 








*All animals older than juveniles grouped as adults because not 
enough data available to be able to distinguish yearlings. 
**One of these females found in a den in February. 


The upper section of the table shows the number of 
new animals recorded during each period, and, there- 
fore, the total number of individuals taken; below 
that the number of individuals recorded each period 
is given, of which some taken after June were 
returns from the preceding period or periods; and 
in the third section, the repeats are listed. The first 
group of figures is most significant, since these con- 
stitute census results of. the tract, by giving the 
number of individuals present during the year. The 
data show that a considerable time is required to 
“trap out” a raccoon population. Nineteen adults 
were taken between April 1 and June 30, but five 
more were taken during the next period. Since 
juveniles do not become active outside their dens 
until July, the majority of them were caught be- 
tween July 1 and September 30, those taken in June 
comprising litters found in dens. Only one new 
raccoon, a juvenile, was taken after September. 
Trapping operations were reduced, and a_ lesser 
amount of time was spent at den work from October 
to December, but inasmuch as only one of 19 animals 
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handled during that time was new, it seems highly 
probable that a great majority of the residents were 
accounted for. The variations in numbers recorded 
from period to period should not be construed as 
indieative of seasonal population fluctuations. It 
was not possible to trap or otherwise capture all 
animals each period. Therefore the total number 
recorded for the year is probably the best estimate 
of the population. This total for the area was 63 
raccoons, 24 adults (9 males and 15 females) and 39 
juveniles (20 males and 19 females). During this 
year’s work all of the animals older than juveniles 
were grouped as adults, beeause not enough data were 
available to enable one to distinguish yearlings from 
older individuals. 

It was known that 10 of the females gave birth to 
voung, and that four did not, while the other one 
may have produced a litter. With an average litter 
size of four, the breeding females should have pro- 
duced 40 young, or only one more than the 39 which 
were handled. The female to juvenile ratio was 
therefore about normal. With a population of 63 
animals on the 2,464-acre tract, there would be an 
average of one raccoon per 39.1 acres. 

Numbers in 1940—Information concerning num- 
bers of raccoons on this same area in 1940 was 
obtained in much the same way as in 1939. Due to 
the fact that so many of the animals were handled 
the previous year, the majority of which were toe- 
clipped, it was often possible to learn the where- 
abouts of the animals from their traeks alone. Two 
tagged yearlings were never handled in 1940, yet 
their presence was recorded several times during the 
year. One was tracked in April, May, July, and 
October, and was killed on the area by a hunter in 
fall. Less live-trapping was done than in 1939, but 
den studies were more productive of data. During 
February and March, 13 yearlings and adults were 
located in their dens, and in April and May, six 
litters of young were found. 

The population data are presented in Table 11. 
Three age groups are shown. Such a elassifieation 
seemed advisable to present the best picture of the 
population’s make-up, since the females, at least, do 
not all breed when a year old. 

By the end of March, 16 adults and yearlings 
were recorded for the area: 2 by tracks and 14 from 
dens. Trapping and systematic track observations 
were initiated in April after the animals had re- 
sumed activity outside their dens, and 53 additional 
raccoons were tallied by July 1. From then until 
October 1, only five more, one adult and four juve- 
niles, were caught. The total for the year was 74. 
They comprised 16 adults, 8 males and 8 females; 
31 yearlings, 16 males and 15 females; and 27 juve- 
niles, 15 males and 12 females. If all were present 
in fall, the mean density was one per 33.3 aeres. It 
is interesting to compare the numbers of yearling 
and older animals. The ratio was 1.7 to 1 respee- 
tively, (27 to 16), which is about normal considering 
the determined breeding potential of 1.5. In view 
of the fact that no new animals were taken after the 
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TABLE 11. Records of raccoons known to be present 
on general study area in 1940. 
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Kind of 
record Den | Trap, | Trap, | Trap, | Trap, 
and jden andijden andjden andiden and 
track | track | track | track | track 
Number of 
trap nights 1,013 303 | 4,314 
- ieAdults M] ais Ses GR” ea ae aa 
: F 0 0 8 
Number of new 
individuals *Yearl. M 0 0 16 
recorded for F 1 0 15 
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Repeat records Yearl. M 0 14 18 0 32 
F 0 14 22 0 36 
Juv. M 0 1 16 1 18 
F 0 0 30 0 30 
Totals... 2 73 103 2 180 























*All but 4 adults and 10 yearlings were originally tagged in 1939. 


first of October, it seemed probable that few un- 
marked animals remained. But, when we examine 
the data as to ages represented, it seems evident that 
some unhandled juveniles were present. This will 
be brought out in the following evaluation of censuses. 


Evaluation of Censuses on General Study Area—A 
brief review of the foregoing discussion on General 
Study Area censuses is deemed expedient to facili- 
tate a better understanding of the data. Total num- 
bers of raccoons recorded for the area were 54 in 
1938; 63 in 1939; and 74 in 1940. These figures 
cannot be aecepted at face value, but must be eval- 
uated according to their probable significance. 


Without question, the 1938 total is below the real 
population figure. Trapping was the only method 
used, and probably was not sufficient to take all the 
animals, since it was limited to little more than the 
months of July and August. Results for 1939 and 
1940 should be more significant. Trapping opera- 
tions were greater in scope, and the additional den 
studies and tracking should have made the censuses 
for those two years more complete. 

Composition of the known 1939 population ap- 
peared to be rather well balanced, which should en- 
hance the value of the figures. The proportion of 
breeding females to juveniles was about normal (10 
to 39). Sinee only one new animal was taken after 
October 1, the census seemed to be about complete. 
However, as shown in Table 11, 14 animals were 
taken the next year (1940) which had not been 
tagged. But, here again, a further consideration 
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should be made. Only four of the new animals were 
adults, while 10 were yearlings. Since dispersal by 
juveniles has been shown to oceur (p. 218), it appears 
entirely possible that some of the 10 yearlings had 
moved into the area after the census had been taken. 
Thus, we have another of those unknowns about ani- 
mal populations for which an evaluation is difficult. 
It was known from tag returns that some of the 
marked animals moved from the area. Perhaps dis- 
persal is the manifestation of a general “shuffle” of 
the juveniles in fall, in which case the number leav- 
ing and the number coming to the area may have 
balaneed. With the information available, the known 
figure of 63 with no correction is the best estimate 
of the population, and is probably not far from the 
actual number. 

The 1940 data, having been determined in a manner 
similar to that used in 1939, should be usable for 
comparison of figures between the two years. How- 
ever, it appears that a correction of the total for 
1940 may be warranted. As previously pointed out, 
at least 13 of the 23 adult and yearling females were 
known to have produced young, which, considering 
the average litter size to be four, should have totaled 
52.- But only 27 were handled, or 25 less than were 
theoretically present. If we make the correction, the 
total population estimate for the year was 99 rather 
than the known 74. Regardless of whieh of the two 
figures for 1940 is held to be more nearly correct, the 
population was, with little question, higher than in 
1939. A further discussion of this fact from the 
standpoint of sanctuary evaluation will be given on 
p. 244. 


MANAGEMENT OF RACCOONS 


It seems appropriate to point out at this time the 
position of Michigan within the entire raccoon range, 
and the bearing of this upon raccoon numbers. This 
state is practically at the upper limit of raccoon dis- 
tribution. The northern part, especially the upper 
peninsula, is not ’eoon country. Winters are longer 
and snow remains longer progressively from south to 
north. Dearborn (1932) says of the upper peninsula 
that the winters are too long, and nut trees too few 
for raccoons. The same applies to some extent to 
the northern part of the lower peninsula. Raccoons 
den up in winter, and do not take any appreciable 
amount of food, subsisting mainly on the fat acquired 
during the previous summer and fall. There is a 
limit to the length of time this fat reserve will last. 
Snow is often on the ground for six months in the 
upper peninsula. Even in the southern part of the 
state, the length of winters approaches the limits of 
toleration. Therefore, Michigan probably ean never 
have raccoons in the numbers found in the more 
southern states. Weather, as such, is not responsible 
alone, but also the innumerable factors conditioned 
by climate. In view of this, the farther north one 
goes in the state, the fewer raccoons he would expect 
to find, and hunting reeords show this to be true 
(Fig 55, p. 254). Since raccoons are searce in the 
upper peninsula, no hunting is allowed there. 
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HABITAT 


To a considerable degree the success with which 
any game species can be managed depends upon the 
game manager’s capacity to manipulate the animal’s 
habitat. Granting this to be true, it follows that 
one of the first and principal requisites of a sound 
program is a knowledge of what constitutes the 
optimum habitat. Once this is known, the possibili- 
ties of supplying needs can be reviewed more intel- 
ligently, and practicable measures determined more 
expeditiously. 

In order to maintain itself a species must be able 
to find food, have cover in which to take refuge, 
and must reproduce. For raccoons the essentials of 
habitat seem to be present in areas with a permanent 
water supply, tree dens, and available food. 

. 


WATER 


Water appears to be essential for raccoons. Grin- 
nell, Linsdale, & Dixon (1937) state that ready 
access to a good supply is necessary, the animals 
apparently being so adjusted as to make regular 
visits to a stream, marsh, pond, or lake. Undoubt- 
edly some water is taken every night, except during 
the winter denning period, and the raccoon requires 
a goodly amount, judging from the habits of eap- 
tives. Aside from the drink'ng requirement itself, 
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raccoons find much of their food in or along water, 
which makes its presence doubly important. If the 
average range diameter of one mile, as determined 
in this study, is valid, it is apparent that an optimum 
habitat for raccoons should be within that distance 
from a permanent water supply. The greatest dis- 
tance from water of any oceupied den was about 
1,200 feet. As far as could be determined raccoons 
make little use of the uplands over a mile from the 
floodplain, though uplands within half a mile are 
visited often when mast is available. Whether or not 
water within that distance is absolutely necessary, 
the animals evidently prefer to live near it. As far 
as management is concerned, there is usually nothing 
that can be done about providing a water supply, 
but a knowledge of the matter should be a guide in 
directing management efforts. 


DENS 


A second important characteristic of timbered 
areas favorable for raccoons is the presence of hol- 
low trees for use as dens. In fact, the lack of tree 
dens in Michigan is probably one of the most im- 
portant factors limiting numbers. In the 
first place, raccoons are almost unique among our 
native mammals in not building their own homes. 
Squirrels occupy hollows, but if none are available 
they build leaf nests; woodechueks sometimes live in 
tree hollows near the ground, but more often dig 
their own burrows. Many of our mammals ean pro- 
vide their own homes when necessary. The raccoon, 
though he has proven to be so adaptable in tolerating 
increased encroachment upon his habitat by man, has 
not learned the art of home construction, which may 
some day cause his downfall. In the seeond place, 
the hollow tree is the natural home of 
Though burrows are used when necessity demands it, 
the preference for tree dens has been demonstrated 
by the animals’ apparently exclusive use of this type 
of den in the experiment station region (p. 220). If 
conditions are to be optimum, it seems imperative 
that hollow trees be available. 


raccoon 


raccoons. 


Denning Habitat—lIn this study, an attempt was 
made to determine what constitutes an acceptable 
raccoon den. This has already been discussed in 
detail (p. 220). A further point to be made here 
regards the use of more or less isolated trees as it 
relates to raccoon habitat. The experiment station 
region did not lend itself to a study of this, since 
it is practically a continuous extent of forest. How- 
ever, some pertinent information was obtained else- 
where. Though the usual concept of raccoon habitat 
is that of wooded tracts, which probably do constitute 
some of the best range in the state, still there must 
be many animals living in small units of woods or 
even perhaps in fairly open country. Approximately 
three fourths of the state kill is in the lower half of 
the southern peninsula, of which much the greater 
part is farming country. 

Mr. E. E. Moran, president of the Southern Mich- 
igan ’Coon Hunters’ Association and a hunter of con- 


Raccoons, THEIR Hasits AND MANAGEMENT IN MICHIGAN 


237 


siderable experience, reports that many animals live 
in suitable dens considerable distances from any 
woodlots. According to him, even roadside trees may 
often be oceupied by unsuspected raccoons. In the 
spring of 1941, a used den of such a nature was 
located in Barry County (adjacent to Allegan on 
the east). This tree was a large chestnut (Castanea 
dentata) standing in an open field about 300 feet 
from a road (Fig. 46). A small tree-fringed creek 
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Fig. 46. Large chestnut den tree in open field. Trees 
in such situations may be providing dens for many of 
our raccoons, 


flowed past at about 600 feet in another direction, 
and the nearest woods were about a quarter mile 
distant. Such observations indicate that perhaps a 
great deal of the more open farming country of the 
state constitutes passable raccoon range, though it 
may be less favorable than are the more wooded 
regions. There is still much to be learned regarding 
this, and future work should in part be directed to- 
ward finding some definite answers on the subject. 
At present it appears that even the smallest woodlot 
may be home to a raccoon, if it contains a su‘table 
den. 

Den Density.—As a prerequisite to management of 
habitat for improving denning condit'ons, a knowl- 
edge of what constitutes the optimum number of 
dens is important. In an attempt to determine this, 
quantitative den surveys were made on areas repre- 
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sentative of the two prineipal habitat types of the 
region. 

As representative of the floodplain which is fairly 
uniform throughout the region, a. 165-aecre tract sit- 
uated near the center of the General Study Area was 
chosen (Fig. 44). Irregular in outline, the area is 
more or less a natural unit, being bounded on two 
sides by a bayou and on another by the steep bank 
which separates upland and floodplain. A road is 
the fourth boundary. 

The vegetation is similar to that deseribed for the 
General Study Area as a whole. Red maple is the pre- 
dominant species in an elm-ash-maple forest type. The 
drier southern portion of the tract contains a consider- 
able amount of white pine and some hemlock (Tsuga 
canadensis). In open situations herbaceous vegeta- 
tion, mainly of wood nettles (Laportea canadensis), 
giant ragweed (Ambrosia trifida), and jewel weed 
(Impatiens biflora), form an almost impenetrable 
tangle in summer. 

During the winter and spring of 1939 and 1940, a 
thorough investigation was made to loeate all avail- 
able denning sites. This was done by using a com- 
pass, and searching the tract by strips. All trees 
large enough to contain a fairly large cavity «were 
examined from the ground, and those exhibiting any 
indication of being hollow were climbed. Upon dis- 
covery of a eavity large enough for a _ raccoon, 
whether used or not, complete measurements and 
notes were taken. The tree was marked with a 
numbered tag, and located on a map, so that future 
examinations could be made. Besides quantitative 
data, information on denning habits was obtained 
by periodical examinations. 

Within this area a total of 20 hollows were located. 
Based on what was learned during the entire inves- 
tigation about denning, and what constitutes a den, 
10 of these were considered to be suitable for use 
by raeeoons. This indicated a density of one den 
per 16.5 acres. During the first year only 50 per- 
cent were used by raccoons, but over the period of 
two years, 80 percent showed evidence of use. Evi- 
dently the number here was more than sufficient for 
the resident raccoon population. For the General 
Study Area as a whole, within which this quantitative 
study traet was loeated, densities of one raccoon per 
33 and 39 acres were found for the years 1939 and 
1940 respectively. If these figures are valid, there 
were approximately two dens per animal before the 
hunting season. After the fall kill, and therefore 
during breeding season, a still greater number of 
dens per raccoon were available. It seems evident 
that in a forest of this type, with about one den per 
15 to 20 acres, denning conditions would be favor- 
able for a large raccoon population. At the present 
time, this is probably the best available measuring 
stick for den management. 

A 165-aere area situated adjacent to the lowlands 
was chosen for a quantitative survey in the upland 
habitat. White and black oak are the predominant 
tree species with a few scattered white pines. The 
forest canopy is rather dense, resulting in very little 
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understory vegetation. -There is a fair abundance of 
large white oaks in the eastern half of the tract, 
which were left during lumbering operations. Most 
of these are decadent and hollow and furnish the 
majority of dens (Fig. 2). Few of the second-growth 
trees are larger than 12 inches in diameter, while the 
average diameter of den trees in this tract was 21 
inches. 

A total of 28 hollow trees were discovered, 15 of 
which appeared suitable for raccoon dens, indicating 
a density of one per 10.1 aeres. During the first 
year, only three were used by raccoons, and in the 
second two more were found oceupied. Thus only 
33 pereent were known to have been used during 
two years. This probably does not indicate a surplus 
of dens so much as it refleets a preference for the 
lowland habitat for denning. Lone yearlings, but 
never any litters, were found in these dens. Race- 
coons go to this habitat mainly when food such as 
mast is available, and at such times use the dens 
temporarily. In view of these facets, fewer hollows 
per unit area are needed in this type of cover than 
in the lowlands where breeding and rearing dens are 
required. Therefore, where the two types exist, first 
and greatest efforts toward den management should 
be expended on lowland areas. Probably in much 
of the farming country this is not important, since 
little of such territory exhibits these abrupt habitat 
differences. 

Den Formation.—A number of factors are respon- 
sible for the initiation of tree decay and the eventual 
development of suitable hollows. The following eon- 
tingencies appear to have been primarily important 
in giving bacteria, fungi, and other destructive agents 
the chance to cause deterioration or produce an en- 
trance to an already hollow limb or trunk for 101 
dens. Thirty-four of the dens were occupied, 41 
showed evidence of use, and 26 were considered suit- 
able but no evidence of use was found. 

1. Injuries—-Some dens were evidently initiated 
by injuries to the tree trunk by lightning, wind, or 
some other element. In the majority of eases, the 
injury allowed deeay to begin after which a number 
of years were required for the’ den to be formed 
(Fig. 29). However, in some instances, a hollow al- 
ready existed and was made accessible by the break- 
ing of some part of the tree. This group comprised 
48 or 47.6 pereent of the dens. 

2. Breaking Off of Dead Limbs.——Dens which 
formed after the breaking off of dead limbs number 
38, or 37.6 percent. The processes involved in the 
formation of squirrel dens in a similar manner are 
described in some detail by Baumgartner (1939). 
For raccoons it is necessary that the limb be no 
smaller than four or five inches to provide a large 
enough entrance. In many eases, it was one of sev- 
eral large primary branches from the main trunk 
which had died, leaving a large opening. Weather- 
ing and other factors then allowed decay to produce 
cavities (Fig. 27). 

3. Decay with No Injury—In this group are dens 
which seemingly had formed due, at least indirectly, 
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Fic. 47. Den with entrance in crotch where decay 
organisms were able to become effective (found occupied ). 


to deformity, or shape of the tree. On some trees 
growth at a crotch produces an opening where weath- 
ering and decay can begin (Fig. 47). Freezing of 
water in such cavities, or in malformations, probably 
also sometimes causes a split as a point of entrance 
for agencies causing deterioration. Only 10 of the 
dens, or 9.9 percent, appeared to have been caused 
in this way. 

4. Woodpeckers.—There was evidence that wood- 
peckers had originally made five cavities which later 
became raccoon dens. Though the number is small, 
there is significance in the fact that all were occupied 
dens. The entrances measured in the neighborhood 
of 34% x 5 inches, which is larger than most wood- 
peckers make. The holes and cavities probably be- 
came enlarged by decay, and gnawing by various 
animals (Fig. 48). 

The length of time required for a den to form is 
important to evaluating habitat. At present, how- 
ever, the data available on this allow little more than 
estimates. According to G. W. Pike of the U. S. 
Forest Service (1935), as quoted by Bennitt & Nagel 
(1937), the estimated time for the formation of a 
hole five feet from end to end, which starts in a 
trunk higher up than at the base, is about 20 years. 
At this rate the average raccoon den (about three 
feet deep) would require about 12 years. He goes 
on to say that the “action will vary greatly, due to 
factors such as size of tree when fungus enters, 
nature and position of sear, and probably climatic 
conditions or site.”” Thus it takes a considerable time 
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Fie. 48. Den in whieh the original cavity was evi- 
dently made by woodpecker; inside diameter 11 x 12 
inches; entrance 6% x 3 inches (found occupied by lit- 
ters in both 1939 and 1940). 


for a den to form after decay has once begun. If 
one considers the total time required for a tree to 
grow large enough to contain a hollow, for decay to 
set in, and the hollow to form, it is evident that den 
formation is a long-term process. Very few of the 
den trees found were under 50 years of age, and the 
majority were probably between 75 and 100 years 
old. 

Logically, the practical application of this knowl- 
edge is to conserve the dens present in any area. But, 
as pointed out by Baumgartner (1939), this “ean 
resolve itself into a short-sighted program.” Hollow 
trees continue to decay, and eventually are no longer 
suitable as dens. The length of use may vary con- 
siderably, according to the rate of deeay, which is 
conditioned by many factors, such as species of tree, 
site, climate, and location of the hollow in the tree. 
As shown previously, there is a wide variation in 
size of dens used by raccoons. One hollow 11 feet 
deep was found occupied. Such a den probably was 
at least 40 years old, but in many eases wind blows 
the weakened trees over before they have given 
nearly that much service. Proper management should 
therefore aim toward a sustained yield of dens, in 
addition to conserving those already present. Old 
deformed trees, and those already attacked by or- 
ganisms of decay, ought to be left as potential den 
trees, especially since they have no value as lumber. 

There is also the possibility of artificially initiating 
decay. Edminster (1941). recommends girdling at 

times, to speed up development of hollows, and elim- 








240 FREDERICK W. STUEWER 


inate dominating foliage. Baumgartner (1939) re- 
gards this method less favorably because it is in the 
young woodlots that dens are usually too few, but 
where at the same time the trees are too small to 
produce dens. In older woodlots, if potential den 
trees are present, the conditions necessary for the 
initiation of deeay are usually also present. Never- 
theless, the method may have some practical applica- 
tion in a long-term program, especially on govern- 
ment- or state-owned land where selective cutting has 
eliminated all potential den trees. 

Den Destruction—There are a number of agencies 
causing den destruction, some beyond control and 
others subject to some measure of control. Some of 
the more common of those included in the first cat- 
egory are, decay beyond the point where a den is 
suitable, lightning, and wind. One den occupied in 
1939 was no longer habitable the next year, after the 
bottom had fallen out, leaving merely a hollow trunk 
open at both ends. Two dens were destroyed by 
wind, and a third tree was shattered by lightning. 
The aecumulated total loss from these causes is of 
some consequence but there is little to be done about 
it. To the second eategory belongs cutting, both by 
hunters and landowners. The latter have the privi- 
lege of handling their property as they wish, but 
many undoubtedly would be willing to cooperate if 
approached properly. The hunter-owner could prob- 
ably be persuaded the more easily to spare hollow 
and potentially hollow trees, since it would be for 
his benefit, as well as the other hunters’. As with 
all farmer-sportsmen relationships, the owner, in 
abetting any such program, usually must be able to 
recognize some benefit to himself, either material or 
otherwise. The job in this respect may lie prin- 
eipally with the raccoon hunter. Rather than merely 
ask permission to hunt in fall, some time could 
profitably be spent in “talking ’coons.” If the far- 
mer knew how important dens are, and perhaps also 
that raccoons eat mice probably more often than they 
visit the hen house, he would undoubtedly be more 
inclined to spare the animals’ homes. 

The hunter himself has also been responsible for 
much den destruction.. But it is perhaps not merely 
wishful thinking to believe that the hunter with saw 
and axe is becoming more the exception than the 
rule. In Michigan, at least, the trend is towards 
hunting this species more for sport than the fur. 
After “treeing” his quarry, the game hunter may be 
less reluctant than the fur hunter to leave an animal 
in its den. Lower pelt prices probably have a favor- 
able influence in this respect also. Moreover, hunt- 
ing clubs are becoming more common, and these 
organizations tend to discourage unsportsman-like 
practices of all kinds, at least within their own 
memberships. 

In any ease, destruction of dens, wherever it occurs, 
is surely a menace to sustained raccoon numbers. 
This is strikingly pointed out by Bennitt & Nagel 
(1937) who believe that “next to the actual kill by 
man, the problem of the destruction of den trees is 
the most ser.ous of those that must be solved before 
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the raceoon ean be restored to Missouri.” They fur- 
ther state that “the number of den trees is rightfully 
regarded as a limiting environmental factor.” The 
latter statement also applies in Michigan, and prob- 
ably raccoon management ean include nothing more 
constructive than den conservation and production, 
both preached and practiced. 

Artificial Dens—Since raccoons are so dependent 
upon hollow trees for dens, the possibility of supply- 
ing some sort of artificial home is worthy of atten- 
tion. We should know whether or not artificial dens 
will be used, the proper specifications for construe- 
tion and placement, and their practicability as a 
management measure. 

Prior to the beginning of the raccoon project, 50 
wood-duek nest boxes had been erected at the experi- 
ment station, which were checked for raccoon use 
during the two years’ work. In addition, 25 den 
boxes designed for raccoons, according to average 
measurements obtained for oceupied natural dens, 
were put up in the summer of 1940. 

The wood-duck nesting sites were constructed ac- 
cording to plans by W. T. Cox, formerly of the U. S. 
Biological Survey. Made of rough, salvaged lumber, 
they have an inside space 12 inches square and 24 
inches high. The round entrance, 414 inches in 
diameter and 16 inches above the floor, is on the 
front (Fig. 49). These were erected in the fall of 
1938 along approximately three miles of Palmer 
Bayou, which traverses the area where most of the 
intensive raccoon work was done. They were placed 
in trees at heights varying from 17 to 40 feet. On 





Fig. 49. One of the artificial wood duck nest boxes. 
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the basis of a limited knowledge at the beginning of 
the raccoon investigations, it seemed that these boxes 
would be of suitable size and construction for rae- 
coons. They were therefore checked during the 
study. 

In 1939, the boxes were checked in spring, sum- 
mer, and fall. As far as could be determined only 
one was used by a raccoon that year. A lone two- 
thirds grown juvenile was occupying the box in 
August. There was evidence that more were used 
in 1940. Hairs were found in one in April, four in 
August, and two in September. Whether or not the 


animals used the sites to any great extent is not 
known, but they at least entered them. In April, 


1941, another box contained feces and hair of a raec- 
coon, and a well-formed bed on an old squirrel nest. 
Use by more than one species in this way was a 
common occurrence, wood-ducks, squirrels, and white- 
footed mice successively occupying many of the dens. 
There has been evidence that raccoons destroy some 
of the wood-duck nests in these boxes. Broken eggs, 
with raccoon hair in the box and stuck to the shells, 
seems positive proof in one instance. Somewhat less 
satisfactory evidence were hairs on the entrance of 
two boxes containing egg shells. It was not known, 
however, whether or not these eggs had hatched; and 
even if they were destroyed, the blame could not 
definitely be placed. 

It is evident from the foregoing observations that 
these artificial sites were not particularly attractive 
to raccoons. They were intended for wood-ducks, 
and as shown by later studies did not conform very 
closely to the measurements of natural raccoon dens. 
The entrances were only 4% inches in diameter, 
which is near the minimum size that raccoons can 
enter, and it is doubtful that a fat animal ean enter 
one so small. In addition, the holes were on the 
front of the boxes which would further handicap a 
raccoon in trying to enter. In the only instance of 
occupancy, the box was so placed in the tree that a 
branch extended near the doorway. Moreover, nat- 
ural hollows, which could be expected to be preferred 
over an artificial den, are very plentiful in the area. 

With information on the wood-duck nesting sites, 
and also data on about 30 oceupied raccoon dens 
available, 25 raccoon den boxes were designed. These 
were also constructed of rough lumber, and measured 
14 inches square by 36 inches in height. The back 
extends above and below the den proper, to facilitate 
nailing to the tree. The entrance measuring 5 by 6 
inches, is located next to the roof, and to the rear 
on one side, so that it is easily accessible to a rac- 
coon. Tops were hinged to facilitate examination 
(Fig. 50). Evaluating the lumber used at $10.00 
per M. bd. ft., the approximate cost of materials 
per box, including one hinge and a hook and eye 
costing 15e, was 35e. An additional 90¢ for labor 
(two man-hours at 45e per hour) brought the total 
cost to $1.25 per box. 

These dens were erected in early July, 1940. They 
were placed at distances varying from 25 to 44 feet 
from the ground, in several species of tree and with 


Raccoons, THEIR HABITS AND MANAGEMENT IN MICHIGAN 


241 





Fig. 50. Raccoon den box designed after studies of 
natural dens. 


various exposures. Wire “combs” were fastened 
along one side of the entrances to eatch hairs of any 
entering animals. Ten such dens were spaced at 
intervals near the wood-duck nest boxes, and 15 were 
erected in creek-bottom habitat where natural dens 
seemed to be rather few. 


TABLE 12. Species using 25 raccoon den boxes erected 
in early July, 1940. 























| 
1940 1941 
| | 
Species | Number in| Number in | Number in | Number in 
| August October November*| Apr. & May 
GEAR ‘gear ere ie eee 
|Signs| Oce Oce. |Signs| Oce. |Signs} Oce. 
RE TOME fe RSE REP R hii, oth CRT —|—_—_|___}|___— 
Raccoon........ | 10 0 3 0 0 | 0 4 0 
Fox squirrel... |. 2 0 | 10 |1(dead)| 0 4 6 2 
Flying squirrel..| 1 3 2 0 0 e1:9 0 
White-footed | 
EE PT 1 2 0 0 | o 0 | 0 
No evidence of | 
We cents on 8 7 9 | 13 











*Ten not examined in November. 


Table 12 shows the extent to which these boxes 
were used as indicated by three examinations in 1940 
and one in 1941. The greater number containing 
signs of raccoons in August may have been the re- 
sult of our having released 10 captive animals in the 
vicinity at the time the boxes were erected. Later 
in October and November there was less evidence 
of their being used. Circumstantial evidence in May, 
1941, indicated possible predation on fox squirrels in 
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three boxes. In two the remains of squirrels and 
piles of raceoon seats were found, and in the third 
were the remains of a partially eaten squirrel. Since 
a number of dead squirrels were found in the wood- 
duck nest boxes at about the same time, which along 
with other evidence indicated a general die-off of 
that species in the region, it is possible that the rac- 
coons had found these animals dead. At any rate 
the squirrels had been eaten by the raccoons, since 
the seats were composed almost entirely of squirrel 
hair and bones. The fourth den showing use in May, 
1941, contained an old, squirrel nest with a large 
form and considerable raccoon hair. It was apparent 
that the raccoons had lived in these four boxes for 
some time. 

Recommendations.—The foregoing information pro- 
vides a basis for some definite recommendations ¢on- 
cerning den management. There are good reasons to 
believe that tree dens are strictly essential to favor- 
able raeeoon habitat, and therefore constructive 
measures should strive to provide optimum numbers 
of such dens. 

First, den trees already present should be pro- 
teeted, wherever possible. This ean be done on fed- 
eral- and state-owned land by proper selection in 
cutting. Management of land in private ownership, 
however, presents a real problem. It appears that 
the principal means to solution is edueation of land- 
owners. As pointed out previously, the raccoon 
hunter can be instrumental in establishing a favor- 
able attitude among owners. At the same time it is 
essential to plan for the future by sparing potential 
den trees. 

Where eutting can be controlled, it is reeommended 
that at least one, and preferably two dens per 15 to 
20 aeres be left, and probably two or three times that 
many potential denning sites. It may be advisable 
to leave greater numbers in the smaller units of den- 
ning territory. In much of the range in the state, 
woodlots of 5 to 40 acres comprise much of the pos- 
sible denning territory. It is conceivable that such 
habitats might serve somewhat as communal denning 
areas for raceoons which earry out most of their 
activities in the surrounding open country. Some 
basis for this assumption is available. Within about 
40 acres on the General Study Area, where denning 
conditions were especially favorable, eight occupied 
dens were loeated in the winter of 1940. Apparently 
this small portion of the large tract was attractive 
enough to eause the animals to congregate. Also, 
evidence indicates no tendencies of raccoons to defend 
territories (p. 228), which further contributes to the 
validity of this theory. 

Areas to receive first consideration should be those 
within a quarter mile of a permanent water supply. 
Where denning facilities were abundant, greater use 
was made of those within one-quarter mile of water. 
This is to be considered especially in placing arti- 
ficial dens. 

It is believed that artificial den boxes may prove 
attractive to raccoons. They were tested here for too 
short a time to draw any definite conclusions, but 
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the evidence indicated that they are acceptable. They 
are recommended, not as being definitely practicable, 
but as worth a trial. The type of box designed dur- 
ing these studies is believed to be of proper con- 
struction, but variations could profitably be made to 
develop the most suitable type of den. 


Foop 


Management for raccoons might include means of 
augmenting the food supply, though from the pres- 
ent studies it is evident that natural foods when 
available are preferred over domestic grains. In 
1939, when a good crop of acorns was produced, 
there was noticeably less utilization of corn than 
the next year when little mast could be found. In 
the light of this evidence, it seems that eutting of 
nut-bearing trees, particularly oaks and beech, should 
be held to a minimum where raccoons are an impor- 
tant consideration. The practical aspect of such a 
recommendation can probably have greater applica- 
tion on state- and government-owned land, but pri- 
vate owners might also apply it profitably on a 
smaller seale. The importance of acorns to raccoons 
has been pointed out by Bailey (1926), who says: 
“In fall they usually fatten on acorns where these 
are obtainable, and the northern limits of their range 
are almost coincident with the northern limits of 
oaks.” In view of the facet that so many kinds of 
birds and mammals, as well as raccoons, utilize oak 
products, it seems expedient that oaks be encouraged 
wherever such is compatible with other activities.! 

For landowners who are interested in raccoons, the 
recommendation that they leave some corn in the 
fields in years when the mast crop fails should not 
be amiss, though this at best ean be considered only 
an emergeney measure. Mast is highly nutritive, and 
aids greatly in conditioning the animals for the win- 
tering period, but when this is not available, corn 
seems to be one of the best and most often utilized 
substitutes. Contrary to popular belief, corn is taken 
as often when it is ripened and hard as when it is 
green and soft. A supply of this grain should be a 
boon to raccoons whenever the crop of mast fails. 


DAMAGE CONTROL 


Raccoons, like practically all other wild species, at 
times display habits which are not in the best in- 
terests of men. The havoe sometimes wrought to 
nesting waterfowl in California is indicated by the 
following statement of Grinnell, Linsdale, & Dixon 
(1937) : “The ’eoon is the most destructive of all our 
fur-bearers to nesting waterfowl as is indicated not 
only by stomach examinations, but also by field ob- 
servations.” Dixon (1924) also reports serious 
depredations on nesting wood-ducks in California. 
From observations on 50 artificial nest boxes at the 
experiment station, one ease of predation appeared 
certain, and two other eases were circumstantial. In 
instances where certain other species may be of pri- 


1 Van Dersal (1940) reports that from the present accumu- 
lated information, 186 different kinds of wild birds and mam- 
mals in the United States utilize oak products. 
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mary importance, some method of raccoon control 
may be quite in order. Live-trapping and removal 
might be feasible. 

To protect wood-ducks in artificial boxes, smaller 
entrances might be constructed. One natural hollow 
with a hole measuring only 4 x 2% inches was found 
to contain a wood-duek nest, but it is doubtful if a 
hole that small could be entered by a grown raccoon. 
Juveniles are not present until the duck nesting sea- 
son is over. 

In Michigan there appear to be only two grounds 
on which raccoons are likely to be denounced; their 
destruction of corn and poultry. It is to be empha- 
sized, however, that such activities seldom appear to 
be of serious proportions, and few fair-minded indi- 
viduals would advoeate unlimited control. In the 
present study one instance of poultry predation was 
brought to the writer’s attention. This was by a 
farmer who finally caught a female and her five 
young in his chicken coop. The animals had killed 
several pullets in three successive nights, and prob- 
ably would have continued their exploits as long as 
allowed. In similar instances capture of the animals 
and disposition by a Conservation Officer should suf- 
fice, since more often than not it is a single family 
or animal which finds such a weleome food supply, 
and makes a habit of utilizing it. Raids of this 
nature, though happening now and then, are by no 
means grounds for general condemnation of the 
species. 

Utilization of corn by raccoons probably oceurs 
to some extent wherever this crop is grown in raec- 
coon country, but the damage is not great. Damon 
(1933), who interviewed 76 farmers in Williamston 
Township, Ingham County, Michigan, received only 
one complaint of corn damage by this species. 
Depredations blamed on raccoons may sometimes be 
the work of squirrels, as could have been the ease 
at the experiment station in the fall of 1940. By 
ascertaining that the principal damage was being 
done during the day, it was shown that raccoons 
were taking less corn than might have been supposed 
had only a eursory examination been made. 


SANCTUARIES 


The establishment of sanctuaries is often suggested 
as a means of promoting increases of various animals. 
It therefore seems expedient that game managers 
know to what extent the measure is practicable for 
raccoons. As pointed out previously in the diseus- 
sion of populations, the General Study Area con- 
stituted a sanctuary for raccoons. In 1938, the low- 
land portion of the tract was closed to hunting; the 
next year all of it was closed; and in 1940 hunting 
was allowed on all of it. Administration of the area 
in this manner made available information on the 
relative effectiveness of different sizes and types of 
habitat as sanctuaries. 

Data on apparent populations of raccoons have 
already been presented. By live-trapping, 54 rae- 
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coons were tagged on this area in 1938. In fall, with 
hunting prohibited only on the lowland habitat, 11 
of these animals were killed in the adjacent upland 
portion of the traet. Three other animals had dis- 
persed, being taken 5 miles or farther outside. It 
was readily apparent that lack of any upland in 
this sanctuary rendered it notably ineffective. Rac- 
coons, though denning in the bottoms, were being at- 
tracted by acorn mast to the uplands during hunting 
season. The great majority living on the tract were 
therefore regularly visiting territory open to legal 
hunting. In the fall of 1939, as many as 17 raccoons 
crossed a road between upland and lowland in this 
area in one night. In an effort to protect the tagged 
raccoons, which were invaluable to further studies, 
and at the same time to test the efficiency of a larger 
closed area, the whole tract was posted in 1939. In 
that year, 74 tagged raccoons were recorded by live- 
trapping and other observations. Among these were 
only six repeats from 1938, further indicating a con- 
siderable kill the previous fall. In the fall of 1939, 
with no hunting permitted, there were, of course, no 
raccoons killed on the area, but 5 of the 74 tagged 
animals were reported taken outside. These were all 
killed a short distance across the river which bounds 
the tract on the north. However, the next year 
(1940), 30 of the animals were rehandled, indicating 
a much better survival than had been attained in 
1938, after which only six were retaken the follow- 
ing year. 

A comparison of the population figures obtained 
for this area indicates that protection from hunters 
probably was instrumental in raising the population 
level. As pointed out, the censuses in 1939 and 1940 
were sufficiently similar in method and completeness 
to warrant direct comparison of results. In 1940, 
74 animals were recorded, an increase of 17.4 per- 
cent over the 1939 figure of 63. Although the time 
was short for obtaining completely reliable data here, 
there was an apparent increase in the number of 
raccoons by 1940. 


If sanctuaries are included in a program of rac- 
coon management in a region similar to the one here, 
greatest effectiveness will result from the inclusion 
of a generous strip of upland as well as lowland. 
It is particularly in the fall when the hunting season 
is open, that raccoons visit the oak country to find 
food. The best sanctuary would probably be an area 
transecting a stream valley, and including both the 
floodplain and some adjacent upland on either side. 
From the available data relative to raccoon ranges 
(average range diameter about one mile), it seems 
that the smallest sanctuary should embrace at least 
four sections (four square miles) and these in a 
square block. An area much smaller than that would 
include little beyond the range of any resident ani- 
mal. Inamuch as dispersal of juvenile raccoons is 
known to oceur, it seems logical that a closed area 
might be practicable for supplying breeding stock to 
considerable surrounding territory. Considering the 
status of the raccoon population in Michigan, sanc- 
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tuaries are not recommended at present, though they 
might be of value in the future. 


RACCOON-OPOSSUM RELATIONSHIPS 


A better understanding of the habits and require- 
ments, and therefore possibilities of management of 
any game species will be obtained through a knowl- 
edge of its interrelationships with other animals. 
Predator-prey relationships should be known as far 
as possible, and also the existing ecological associa- 
tions of a less direct nature such as competition for 
the same food, dens, and cover. 





Fig. 51. 


Opossum—disliked by the ’coon hunter. 


In this region, the opossum appeared to be the 
chief wild species which might affect the raccoon ad- 
versely, since it also is principally nocturnal, prefers 
much the same habitat as raccoons, and builds no 
home of its own. Moreover, when raccoons seemed 
to be decreasing in some loealities of Michigan, many 
hunters quickly decided that the opossum was guilty 
on many counts. He was soon accused of usurping 
raccoon dens, of chasing raccoons out of an area, of 
killing the young or even the adult animals, and 
lastly, as perhaps the main reason for drawing so 
much eondemnation, he was considered an unmiti- 
gated nuisance to the hunter whose dogs he deterred 
from the more prized ’eoons. Therefore, it was 
deemed expedient to devote some time during the 
investigation towards determining the extent, if any, 
to which numbers of raccoons are affected by 
opossums. 


RELATIVE NUMBERS 


As the first clue to the compatibility of raccoons 
and opossums, it seems that relative numbers of the 
two species in an area should be significant. Box- 
trapping and other observations gave a good indica- 
tion of opossum numbers of the General Study Area, 
for comparison with the estimates for raccoons. The 
animals were taken in traps used in these studies and 
also in some used by other workers in the same area. 


FREDERICK W. STUEWER 


Ecological Monographs 

Vol. 13, No. 2 

TABLE 13. Raccoon and opossum numbers taken on 
the general study area. 

















| 
iS | } 
NUMBER OF NUMBER OF | 
ADULTS JUVENILES | 
Year Species | RE! hi ci, gage aaa 9 | Totals 
| Male | Female | Male | Female | 
_— — a 2S ae ee 
Raccoon 12 9 | 22 11 | 54 
1938 
Opossum 4 5 28. Ci*#; 17 | 54 
Raccoon | 9 7 aes ee 19 63 
1939... .| 
Opossum | 8 15 62 42. |.°123 
| } 
Raccoon | 24 aa } | 12 74 
1940... | | | | 
| Opossum 12 } + t | 4 } 21 
| 


| 
u t 





Table 13 presents the apparent population data 
for the two species in the General Study Area. At 
first hand it is evident that fairly “good” populations 
of both were present, at least in 1938 and 1939. In 
view of this faet, it seems probable that no extremely 
serious conflict between the two species exists. 

Trapping was less extensive in 1938, and probably 
not so great a percentage of the population was 
taken as in 1939. But without doubt another factor, 
the weather, was involved. The winter of 1938-1939 
was very mild, which gave the prolific opossum an 
opportunity to inerease rapidly. This species is a 
rather recent addition to Michigan fauna, and since 
it is not acclimated to the cold weather of the state, 
has been known to suffer great losses during severe 
winters. During a mild winter the losses are much 
lower and the population again builds up. Opossum 
numbers were on the upswing due to the fairly mod- 
erate winter of 1937-1938, and the mild conditions in 
1938-1939 were conducive to a continued increase. 
Therefore, the known figure of 127 opossums in 
1939, or more than twice as many as in 1938, while 
due in some measure to a more intensive census, was 
probably due principally to the moderate winter 
weather. 

The most significant fact about these population 
figures is the steady upswing of raccoon numbers, as 
compared with the erratic fluctuation shown by 
opossums. The raccoon is a hardy species, able to 
withstand severe temperatures, and go without food 
for extended periods. In winter they remain “holed 
up” during the severe weather, utilizing their fat 
reserve. Evidently in 1939 they responded to closing 
of this area to hunting by an increase in numbers, 
opossums notwithstanding. Opossums, in contrast, 
must feed practically the year round, despite weather 
conditions, or suffer malnutrition. The effects of 
winter on them were manifest in the condition of 
adults in the spring of 1940. All examined had sus- 
tained frozen ears and tails, as a result of which the 
tips had sloughed off (Fig. 52). Vertebrae were 
often exposed at the end of sore, unhealed tails. 

The reduction from 127 opossums handled in 1939 
to only 24 in 1940 is believed significant in reflecting 
the winter die-off. Only five of the 127 were retaken 
the next year. Since the tract was closed to hunting, 
the decrease evidently meant that a large number of 
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Fie. 52. 
about half length by freezing the previous winter. 


ears of this animal were reduced to 


the animals died. The juveniles in particular prob- 
ably found it difficult to come through the winter. 
There were two feet or more of snow during three 
months (January-Mareh), which certainly made it 
difficult for them to find much food, and what they 
did get must have been obtained at the expense of 
exposure to cold temperatures for long periods. 

In summary, from the available evidence it ap- 
pears that high numbers of opossums did not tend 
to reduce the population of raccoons. On the con- 
trary, while the number of the latter appeared to 
increase from 1939 to 1940, opossum numbers dropped 
drastically, due, apparently, to a severe winter. 


DENNING Hasits 


Studies indicate that in this region at least, where 
both tree dens and ground holes are plentiful, there 
is no competition for homes. Raccoons were found 
to use the tree dens exclusively, while the opossums 
live in ground holes. In the several hundred tree 
cavities examined, there was no evidence of opossum 
occupation. When hunted with dogs, opossums often 
climb trees, but usually go only high enough to be 
out of reach, often in some sapling. The ability to 
climb serves them well in escaping enemies, but in 
this northern edge of their range it appears that the 
animals may not be as arboreal as is commonly 
supposed. Presumably, a difference between temper- 
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atures in ground holes and tree dens may be re- 
sponsible for use of the former. 

Testing of various types of artificial home sites 
at the experiment station furnished further informa- 
tion supporting the foregoing conclusions. In addi- 
tion to experimental raccoon dens, 112 experimental 
ground burrows were installed in the oak uplands in 
1938 in connection with cottontail management. Al- 
though hairs of other species were often found in the 
boxes placed in trees, there was no evidence that the 
duck nesting and raccoon denning sites were ever 
inhabited by opossums, during a period of two years. 
Nevertheless, individuals were found a number of 
times in the artificial ground burrows. In one in- 
stance, a female and her litter of nine were found 
occupying one of them, and on a number of oeca- 
sions, single juveniles were located. Of further sig- 
nificance was the fact that the ground burrows were 
in a part of the upland den study area, but the tree 
dens were not used by opossums. The animals 
seemed to prefer the man-made burrows to the nat- 
ural tree cavities. 

Opossums were tracked to a number of ground 
holes in winter. These were often natural cavities 
beneath stumps and among the roots of trees. Wood- 
chucks, which are fairly common in the bottomland 
habitat, probably excavated most of the other bur- 
rows available there. A large number of holes are 
present in a dike along the Kalamazoo. River, many 
of which opossums were known to use during the 
winter. 

In Mareh, 1940, the writer located a burrow in the 
oak uplands by tracking a raccoon. Tracks showed 
that at least two raccoons had recently visited this 
hole. Upon exeavating it, two leaf nests, and patches 
of opossum fur were found. Opossums had evidently 
used the burrow at some time, but there were no 
tracks of this species in the snow around the entrance. 
Tracks showed that the raccoons had returned to the 
lowland after visiting the burrow. This was the 
only record obtained during the study of a raccoon 
entering a ground hole (except some released or 
pursued), and the full significance in this case is not 
known. 

PREDATOR-PREY RELATIONSHIPS 


Inasmuch as numerous reports had been received 
from hunters by the Game Division that opossums 
could and often did kill raccoons, experiments were 
conducted to obtain authentic information. These 
experiments consisted of putting captive raccoons to- 
gether in pens with captured opossums under various 
conditions. 

During the winter of 1938-1939, an opossum lived 
in a pen with two raccoons for several weeks. All 
slept in one den provided for them, and no fighting 
was ever observed. Later 12 other opossums were 
put with raccoons. In no instance was a raccoon 
killed or injured in any way, nor was fighting ever 
observed. However, the opossum died in every ease, 
three of them evidently being killed, within from one 
to five days. Whatever was the cause of death, the 
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animals were invariably partially eaten, and careasses 
left in the pens were largely consumed by the rac- 
coons. In one instance a raccoon killed an opossum 
the first night, the eviscerated careass of the latter 
being found in the pen next morning. For the most 
part, however, members of the two species were 
observed to ignore one another, and nine of the 
opossums were believed to have died as a result of 
exposure or inability to become adjusted to captivity. 

A variety of situations were tried out in the ex- 
periments. When a raccoon had been living in a 
pen, and an opossum was introduced, the latter 
remained out of the den box even in freezing 
weather, but if the opossum was put in the den, both 
animals usually used the box thereafter. Several 
times two dens were provided, and one animal lived 
in each. An experiment of this nature was carried 
out in the winter of 1940. An artificial burrow and a 
barrel filled with straw were made available in a pen 
with a dirt floor. A raccoon and opossum lived in 
the ground hole for five weeks. The raccoon then 
occupied the barrel and the two lived compatibly in 
that manner for another month. At the end of that 
time the opossum was found dead. When an opos- 
sum had been living in a den, the introduced raccoon 
often assumed exelusive rights to the den, or the two 
animals denned together amicably. One opossum was 
given no food for 12 days in order to have eondi- 
tions approximate those wherein hunters claim hun- 
gry individuals will dispatch a raccoon on the spot. 
The raeceoon alone survived here, however. In two 
instances two opossums were made pen-mates of a 
single raccoon, but after seven and eight days re- 
spectively the opossums succumbed, though neither 
seemed to be injured in any way. 

Since the experiments were, of course, conducted 
under conditions unnatural to the animals, one is 
probably not justified in drawing final conclusions 
concerning conditions as they exist in the wild. The 
results seem to demonstrate, however, that raccoons 
are capable of caring for themselves in the company 
of opossums. It is doubtful if predation of either 
species upon the other occurs in the wild. 


Foop RELATIONSHIPS 


It is obvious that there must be competition for 
food between the opossum and raccoon, since both 
are omnivorous. There seems to be little in the way 
of animal food that neither will take, and many 
kinds of berries, grains, and other fruits are also 
utilized. However, the opossum tends to be more of 
a seavenger, taking dead animal matter which is 
usually not so aceeptable to raccoons. The fact that 
the diet of the latter is extraordinarily varied, the 
animals being able to turn to so many different kinds 
of foods when the supply of one fails, should render 
food competition relatively less important than for 
species more restricted in diet. 

Some evidence of a difference in habits of the two 
species was shown by trapping results in cottontail 
studies by A. O. Haugen. During 1939, 54 opossums 
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and only six raccoons were taken in traps in the oak 
uplands. To some extent, difference in actual num- 
bers present and in trapability of the two species 
may be responsible for this inequality of eatch, but 
the figures undoubtedly indicate to some extent that 
the opossum spends more time in the uplands than 
do raccoons, and may find more of his food there. 
Analysis of several fresh seats showed that even in 
mid-winter, with over a foot of snow, opossums were 
finding acorns to eat. 

In all, the contents of 15 stomachs and 9 seats 
were analyzed. No single food seemed outstanding 
in quantity or frequency of occurrence. Some of 
the items found in greatest bulk included: rabbit 
(probably domestic), shrews (Blarina sp.), mice 
(Microtus sp. and Peromyscus sp.), chicken, frogs 
(5 made up the entire contents of one stomach), 
small slugs, and eaterpillars, of an animal nature, 
and wild grapes (Vitis sp.), corn, buckwheat, and 
berries (Rubus sp. and Rhus sp.), of plant origin. 
Other foods of lesser amounts included pheasant, red 
squirrel (Tamiasciurus hudsonicus loquax), insects of 
many kinds ineluding larvae, and a few seeds of 
several kinds. It appears that anything which is 
edible will be taken by an opossum, in view of the 
great variety shown by this rather small sample of 
food habits material. 


RECOMMENDATIONS 


It has been shown that substantial numbers of 
both raceoons and opossums coneurrently inhabited 
the Swan Creek region. While the former apparently 
inereased, under protection from hunting, the opos- 
sums suffered a considerable reduction in numbers 
due to an adverse winter. Evidently this recent 
immigrant, instead of exerting any unfavorable in- 
fluence on raccoons, has difficulty in coping with 
Michigan weather, which is unsuited to its best sur- 
vival, but to which the native raccoon is well adapted. 

As far as home sites are concerned, relationships 
between the two species seem to be entirely compatible. 
At Swan Creek, the two species use distinetly dif- 
ferent types of denning sites, the raccoons using tree 
dens, the less arboreal ’possums using ground holes. 
There is some indication that raccoons in parts of 
Michigan are being foreed to resort to burrows, due 
to destruction of the preferred tree cavities. If such 
is the case, artificial boxes erected in trees may fur- 
nish a partial solution. Im any ease, the raccoon 
would probably be the winner if competition for 
any type of den existed. When animals of the two 
species were placed together in pens, if one remained 
out of the nest box to suffer exposure, it was the 
opossum and not the raccoon. As to the possibility 
of opossums preying upon raccoons, that also seems 
remote, because while several opossums were killed, 
the raccoons were never injured. If there is any 
predation in the wild, the raccoon is more likely to 
be the predator, and the opossum the prey. 

Probably the main reason for the practically 
unanimous condemnation of opossums by Michigan 
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raccoon hunters is the fact that ’eoon dogs will trail 
either species, while the hunter is intent upon get- 
ting raccoons. In the first place a raccoon pelt is 
worth about 10 times as much as an opossum skin.! 
To some hunters the monetary gain involved is what 
counts, but even those who hunt for sport would 
rather “tree” one raccoon than a dozen of the de- 
spised opossums. The latter usually give the dog 
only a short chase, and the hunter feels cheated 
when his hounds spend time on their trails. Many 
bona fide ’eoon hunters will not even carry opossums 
home. In years when these marsupials are abundant, 
such as in 1939, their nuisance value may become 
quite a problem. A good illustration is one hunter’s 
report which, while humorous to the listener, was 
probably not as much so to him. This fellow went out 
one night to hunt raccoons with two hounds. Shortly 
after getting started, one dog set out on the trail of 
a deer. In the meantime, while the hunter waited 
about four hours for the deer-chaser to return, his 
other hound “treed” a total of 26 opossums. The 
dogs did not find a ’eoon track all night. Experiences 
similar to this one have turned Michigan hunters 
against opossums. The hunter gets little enjoyment 
out of tracking them, the pelts are of little value, 
and the dogs are too often distracted before finding 
a raccoon trail. The opossum is truly a detriment 
to the enjoyment of ’ecoon hunting. 


What then constitutes proper management in re- 
gards to opossums? If, as is held, their nuisance 
liability to the hunters is the principal consideration, 
there seems to be at least two alternatives. As one, 
hunters can be informed about the situation as it 
exists and become reconciled to the fact that the 
opossum, intruder that he is, is probably here to stay, 
but held in check by nature through reeurring severe 
winters. As another, a policy can be adopted whereby 
this species is discouraged in every possible way. 
How the latter should be actively carried out is 
difficult to Bounties, with all their inherent 
failings for dealing with any species, are not the 
answer. Probably the most expedient policy for 
handling the situation would be one combining both 
alternatives mentioned. By giving opossums little, 
if any, protection their numbers could be controlled 
to some extent. In a state where there are many 
more desirable native game species, it seems logical 
not to encourage this newcomer. Since opossum 
pelts have so little value, there should be few who 
would criticize such a policy. Fur-buyers are prac- 
tically as vehement as are ’coon hunters in condemn- 
ing them, as there usually is too little profit to be 
gained in dealing with the hides, compared to the 
involved labor and risk of taking a loss on a poor 
market. Moreover, there seems no reason why peri- 
odie adverse weather should not continue to hold the 
species in check, but if in the future it does not, then 
more radical measures of control might properly be 
instituted. Raccoon hunters, if acquainted with the 


say. 


1 According to data compiled by Game Division, Michigan 
Department of Conservation for 1936-37, average pelt price of 
raccoons was $4.00, of opossums $.40. 
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available facts concerning the relationship between 
their favorite game and opossums, should be less 
apprehensive for their sport. 

We do not yet know enough about opossums and 
their habits to warrant final conclusions, but at pres- 
ent it appears that opossums are neither enemies nor 
serious competitors of raccoons, and therefore seem- 
ingly constitute no serious menace to raccoon pop- 
ulations in the state. 


ARTIFICIAL PROPAGATION 


Artificial propagation has been proposed many 
times as an effective way to increase the number of 
raccoons. A review of available evidence concerning 
this proposition indicates such a method to be im- 
practicable. In the first place, the high cost of 
breeding and rearing or buying the animals would 
require a prohibitive yearly expenditure. In the 
second place, there is a complete lack of evidence 
that such a project would materially increase the 
annual take of raccoons, and some evidence that it 
would not. 

Pen-raised raccoons are expensive. The cost of 
raising them on fur-farms has been too high to 
allow a profit. As pointed out by Hamilton (1939), 
the early attempts at ’eoon ranching were unsuc- 
cessful because the price commanded by the pelts 
was too low in comparison to the cost of production. 
Only the raising of mink and foxes proved to be 
commercially feasible. 

The minimum cost of food and labor for raising 
a raccoon until it is one year old, according to work 
in Ohio (Egger 1939), is $6.40. If allowance is made 
for overhead expense, cost of housing, maintenance 
of breeders the year round, and contingent miscel- 
laneous expenses incurred by a raccoon farm, it is 
likely that double this figure would represent the 
average cost per raccoon. Even the $6.40 minimum 
production cost per animal compared to an approxi- 
mate $3.50 average pelt price paid to hunters and 
trappers in recent years shows that production in 
pens is economically unsound. 

In an attempt to justify large expenditures for 
propagation, it may be contended that a raccoon 
hunted for sport has greater value than its fur alone. 
The fact still remains, however, that it costs at least 
$6.40 to raise one raccoon, and given a certain 
amount of money to spend, only a certain number of 
animals could be raised or purchased for release. 
There are approximately 10,000 raccoon hunters in 
Michigan (computed estimates from hunters’ reports 
in 1939 was 10,027). If the entire $10,000 from 
their license fees were spent for rearing animals 
(which cannot fairly be done), the Conservation De- 
partment could, at the minimum price, produce only 
about 1,560 raccoons annually. This is based on the 
presumption of having good success in breeding and 
rearing. Probably 1,200 animals or less would rep- 
resent the number which could be liberated annually. 
Advoeates of propagation usually cite the number of 
offspring which the females would produce after lib- 
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eration, augmenting the original release. An estimate 
ean be made of what this number could be expected 
to total. Normally 1,200 released raccoons would 
include 600 females. Our best evidence shows that 
about 50 pereent of the females breed their first year 
and produce an average of four per litter. Thus, 
the maximum number of young born, if all the fe- 
males survived and the expected one half bred, would 
be 4 times 300 or 1,200. This number added to the 
original stocking, would give a total of 2,400 barring 
all losses. Reasonably a loss of 400 could probably 
be expected as the result of deaths from various 
causes, but it will be ignored here for the sake of 
presenting the picture as evisioned under the best 
possible conditions. Comparison of 2,400 with the 
total kill and population in the state gives us some 
idea of the significance of such a release plus repro- 
duction. The computed annual kill of raccoons in 
recent years has been roughly 35,000. Undoubtedly 
more than twice this figure,! or over 70,000 animals 
constitute the fall population. Probably very few 
sportsmen would enjoy substantially better hunting 
if there were 72,400 instead of 70,000 raccoons in 
Michigan. To be impartial the animals released 
would have to be distributed proportionately to all 
counties of the state within suitable raccoon range. 

Further, some might point out certain depleted 
localities and argue that restocking is essential to 
recovery of the species in such habitats. This econ- 
tention is not necessarily correct. Studies at Swan 
Creek indicate that some yearling raccoons disperse 
from the region in which reared, to establish them- 
selves in new distant territories. Returns from hunt- 
ers show that this distance may be as great as 27 
miles. It is highly probable, therefore, that numbers 
in depleted areas would be built up as the result of 
juveniles migrating naturally from better populated 
territories. 

The effect of a closed season on the subsequent 
take of raccoons should be an indicator of what to 
expect from releases. From the standpoint of re- 
stocking areas, wild animals would probably be worth 
several times as much as semi-tame pen-reared ani- 
mals. However, the reeords indicate that even a 
closed season, which should have resulted in saving 
many times as many raccoons as could be reared and 
released, had little or no effect on subsequent catch 
(p. 250). 


STOCKING EXPERIMENTS AT SwWAN CREEK 


Experimental releases of raccoons were made as 
part of the present investigations to obtain some 
definite information as to the fate of such animals. 
Seventy pen-raised raccoons were released: 50 in 
October, 1939; 10 in April, 1940; and 10 in July, 
1940. The 50 in 1939 were liberated in the vicinity 
of four lakes surrounded by oak upland habitat. 
Acorns were abundant, furnishing a good supply of 
natural food. The remaining 20 animals were re- 

1 Considering a breeding potential of 1.5 and hunting and 


trapping mortality of 47%. as shown at Swan Creek, it seems 
that this estimate is not far off. 
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leased in Swan Creek bottoms. Neither of the areas 
was under special hunting restrictions. 

The prineipal souree of information concerning 
the activities and fate of these raccoons was the tag 
returns by hunters. Of the 50 released in 1939, one 
was killed by a ear three days later. During the 
hunting season, 21 or 42.8 pereent of the remaining 
49 were taken by hunters. This percentage nearly 
equals that of the native population taken by hunting 
in the Ottawa Marsh (47 percent), but for the latter 
area controlled hunting was in effect requiring a 
complete report of kill from everyone seeuring a 
permit. Returns from the release area were volun- 
tary, and perhaps some tagged raccoons were taken 
which were not reported. Only 5 of the 28, which 
so far as was known survived the 1939 hunting sea- 
son, were accounted for in 1940. One was taken in 
a den with a native animal in spring, and one was 
taken in a trap during the summer. The other three 
were killed during the 1940 hunting season. There 
is little doubt that the release in 1939 furnished con- 
siderably better hunting in a localized area for that 
one season than there would have been otherwise. 
But was it practical economically to furnish animals 
at a cost of $5.15! each, whose pelts brought only 
$3.50? Even though the release was a heavy one 
(50 animals within a block of four sections or 2,560 
acres), there was apparently no greater number of 
raceoons there in 1940 for the hunters than before. 

The distances that these raccoons were taken from 
release locations varied from less than one-quarter 
mile (some were taken at almost the exact location 
where liberated) to about 6 miles. Adults averaged 
two miles and juveniles three. The juvenile killed 
by a ear had gone six miles within three days. Thus, 
some of these animals turned out into country strange 
to them tended to wander about, which would be con- 
dueive to mortality. Of the 20 raccoons released in 
April and July, 1940, 30 percent were reported taken 
by hunters the following fall, indicating 9 probable 
good survival. 

Information relative to breeding of liberated ani- 
mals was obtained for one individual. This female 
had been used in experimental work and was allowed 
to pass her heat period in February without being 
bred, and then turned out in April. In August she 
returned to a farm house for food. Upon capture 
and examination she proved to be lactating heavily, 
apparently suckling a very recent litter. She there- 
fore had become receptive a second time, and bred 
in the wild. 

The above-mentioned female was the only reported 
animal of the 70 which tended to remain domesti- 
cated. However, the region is only sparsely settled 
and the animals had little opportunity to return to 
domestie life had they any desire to do so. On the 
other hand, one of nine animals which the Kalamazoo 
’Coon Hunters’ Association released soon returned to 
a farm house, and another was still tame when taken 

1 These animals were purchased from Michigan breeders, the 


majority of whom were going out of business and who reported 
that $5.15 was below the cost of rearing. 
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in fall. A third animal of theirs was killed by a 
ear one month after release, and the others were not 
reported. Another Conservation Club at Cadillac 
reported a pen-raised ’coon coming back to domesti- 
eated life after liberation. An animal released by 
the Kellogg Bird Sanctuary, Augusta, Michigan, was 
found some time later hungry and weak, and after 
being fed for several days and turned loose a seeond 
time, it raided a chicken coop in the neighborhood 
until captured. Evidently, releases in farm country 
have not been generally successful. 


ISTIMATING ABUNDANCE 


From the inception of game management to the 
present, game censusing has been one of the most 
difficult problems confronting field workers. In dis- 
cussing methods for certain species, Dice (1938) 
points out the difficulty of obtaining accurate cen- 
suses of any kind of mammal even on a small area. 
As a basis for recommending proper hunting seasons, 
it is imperative to have some knowledge of abundance 
of the species under consideration. Of chief conse- 
quence in designating hunting seasons is relative 
abundance from year to year rather than absolute 
population figures. At present, various indices fur- 
nish the best indication of relative abundance of 
most game animals. 

The live-trapping method of determining raccoon 
numbers as used in this study has been discussed in 
the presentation of population data. Such a method 
is not applicable to a rapid appraisal of conditions 
throughout the state, however. It would be too time 
consuming, and expensive. Preferably some 
method is desirable whereby various field men can 
survey their territories in a short time, and arrive 
at fairly reliable estimates of numbers in comparison 
to past years. For raccoons this is very difficult. 
The species is nocturnal, and their dens are found 
only by diligent search. Signs of the animals’ pres- 
ence (principally tracks) therefore seem to econsti- 
tute the best source of information. For any index 
of abundance to be usable as a basis for drawing up 
fall hunting regulations in Michigan, it must be avail- 
able in any year by early summer at least, and 
therefore any knowledge concerning the young of the 
year is eliminated, since juveniles do not leave the 
dens until July. The time for appraising raccoon 
abundance is thus limited. Probably the best possi- 
bilities lie in taking track counts in winter, during 
the breeding season, and in late spring. 

Raccoons breed in February and Mareh, when 
there usually is snow on the ground. They are most 
active on mild nights, most often during a thaw 
when their tracks register plainly. It therefore seems 
that some good information could be obtained at 
such a time. In this work it would be necessary that 
suitable days be chosen for making a survey, namely. 
when ground and weather conditions had been con- 
ducive to raccoon activity the preceding night. 

It probably would be best to conduct spring sur- 
veys in late May or June. By that time raccoons 
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are visiting streams regularly, and tracks ean be 
found along their margins. Inasmuch as one raccoon 
often travels a considerable distance along a water 
course, it would be desirable that a number of loca- 
tions along a stream be visited to make the observa- 
tions, and as much as a mile or more traversed at 
each. Considerable territory could be covered in 
such a manner in one day. : 

Another method used in the present studies might 
also prove feasible in spring. This is track observa- 
tion along roads in oak country which is near low- 
land denning habitat. In years when an abundant 
crop of acorns had been produced the previous fall, 
raccoons would often still be finding mast in oak 
uplands in early spring. This was known to be true 
at the experiment station in 1940, after a large crop 
of acorns in 1939. In fact, the animals were going 
to the oaks regularly as late as mid-summer. Thus, 
in limited areas where roads are favorably situated. 
such a method might profitably be used. Tracks reg- 
istered well in dirt or sand roads, and mulching 
would not be necessary, although it would perhaps 
facilitate a better count. In one area at Swan Creek 
where the breeding population was considered good 
(about 1 raccoon per 50 acres), as many as 10 ani- 
mals often crossed a road 1.8 miles long in a single 
night. The road lies in oak upland near the adjacent 
lowland. These data might serve somewhat as a 
measuring stick for similar situations. 


HARVESTING RACCOONS 


PROPER SEASON 

The raccoon is important as a fur-bearer, but is 
regarded more highly as a game animal by many 
hunters with dogs, and the present trend seems to be 
toward hunting them for sport, rather than merely 
for fur. The low price commanded by pelts in re- 
cent years (about $3.50 average) probably has been 
instrumental in causing this change in attitude. 
Nevertheless, there are trappers in the state who take 
the animals for the fur alone, and it thus is diffieult 
to establish satisfactory regulations beeause of econ- 
flicting interests. To the hunters whose enjoyment 
is chiefly derived from the chase, primeness of fur 
is of secondary importance, while to the trapper, it 
is of primary importance. 

The present season in Michigan, as has _ been 
pointed out (Anon. 1935), is a compromise for the 
raccoon hunter and the trapper. Hunting is allowed 
during 45 days from November 1 to December 15, 
inclusive. Trapping season in the northern part of 
the southern peninsula, Zone 2, extends from Novem- 
ber 15 to December 15, inclusive, and in the southern 
part, Zone 3, from December 1 to December 15. The 
trapping seasons coincide with those for muskrats, 
except that in Zone 3 it closes two weeks earlier, 
which is important from the administrative and law 
enforcement angles. This season has been in effect 
for six years, since 1935, and seems to be satisfactory. 

Primeness of Pelts—In the fall of 1940, some in- 
formation was obtained as to the condition of pelts 
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taken during the season as it now stands. It is 
expedient that we know what proportion of raccoon 
pelts taken are unprime, as a basis for continuing 
or modifying the present season. To the extent that 
it is compatible with other interests, taking of rac- 
should be at such a time as to insure the 
greatest number of prime pelts. 

All fur-buyers in Allegan County (10) were in- 
terviewed and figures were obtained from the Kala- 
mazoo Hide and Fur Company, one of the largest 
buyers in the state. The former were almost unan- 
imous in reporting that pelts of juvenile raccoons 
usually do not become prime until near the end of 
the season, or in December, but that the majority 
of adult pelts are prime early in the season or by 
mid-November. These data are supported by the 
writer’s observations of pelts examined at buyers’ 
establishments as the season progressed. Estimates 
by the buyers of the numbers of unprime juvenile 
pelts taken each season varied from 30 pereent to 
“most of them,” while all but one agreed that fewer 
unprime adult pelts were taken. That these figures 
are not very far wrong’ is shown by data obtained 
at the Kalamazoo Hide and Fur Company, whose 
1,081 medium and small pelts (presumably the 
majority juveniles), numbered 57.64 percent prime 
and 42.36 percent unprime. 
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Table 14 shows the frequeney and percentage dis- 
tribution in classes of size and primeness, of 5,214 
raccoon pelts purchased by the Kalamazoo Company 
in 1940. Part of these pelts were purchased from 
Indiana, but according to the company buyer, there 
is little difference in pelts from that state and Mich- 
igan. This seems logieal, since, although the state 
is somewhat farther south, which might cause prim- 
ing to be later, Indiana’s hunting season opens 15 
days later than the season in Michigan. 

Pelts were graded as to size into four classes: 
extra-large, large, medium, and small. Each of these 
were divided into prime and unprime lots. The 
buyer believes that all extra-large and most large 
pelts are from adult animals. Mediums probably 
include a few adults with the majority juveniles, 
and small pelts are all from juveniles. 

Only 25.16 percent of the extra-large and large 
furs were classed as unprime, while 42.36 pereent of 
the medium and small furs went into this class. 
This is further evidence that juveniles furnish a 
considerably greater proportion of unprime pelts 
than do adults. 

Referring to Table 14, a positive correlation ean 
be noted between size and primeness of pelts. The 
pereentages of prime pelts diminish through the 
from 85.81 percent of extra-large furs to 
51.54 percent of the small furs. Grouping all skins 
together, 71.27 percent were prime and 28.73 percent 
unprime. Figure 53 shows the percentages in the 
various groups graphieally. 


classes 


The faets and figures which have been presented 
indicate that solely from the standpoint of prime- 
ness, the present season is too early. To take only 
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TABLE 14. Primeness of raccoon pelts. 
PRIME Unrriue | TOTALS 
| | 
| Num- | Per- | Num- Per- | Num- | Per- 
| ber | cent ber cent ber | cent 
pe gs ee stl PR ae ods ae 
Extra-large......| 1,275 | 85.81 | 211 | 14.19 | 1,486 | 28.50 
Large...........| 1,818 | 68.69 | 829 | 31.31 | 2,647 | 50.77 
Medium.........| 539 | 58.72 | 379 | 41.28} 918 | 17.61 
Small...........| 84 | 51.5 79 | 48.46 | 163 | 3.12 
| | | | | 
Totals.......| 3,716 | 71.27 | 1,498 | 28.73 | 5,214 |100.00 
| | 





Frequency and percentage distribution in classes of size and prime- 
ness of 5,214 raccoon pelts purchased and graded by the Kalamazoo 
Hide and Fur Company in 1940. 
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Fig. 53. Primeness of pelts taken in fall is in direct 
correlation with size, because fur of juveniles primes 
later than that of adults. 


prime furs, hunting and trapping would have to be 
done later, beginning probably not before December 
15. However, since raccoons are hunted for sport 
as well as fur, the condition of pelts is not to be 
considered alone. Inasmuch as animals “den up” 
with the coming of snow, and the number of sport 
hunters outnumber the fur hunters and trappers, it 
is not advisable to designate a later season. Never- 
theless, primeness should not be disregarded alto- 
gether, and for that reason the season should not 
begin earlier than it does at present. 


CLoseD SEASONS 


There are those who recommend closing the season 
on raccoons for a year or more whenever there 
seems to be a decline in abundance. From the avail- 
able evidence, such action would probably not bring 
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about the desired results. Some information in this 
respect can be derived from records of pelts sold to 
licensed fur-dealers after a closed season in 1927 and 


1928. The data are summarized in Table 15. 
TABLE 15. Pelts actually sold to licensed Michigan 


fur dealers (1929-1936). 








Year Length of season Number of pelts sold* 
eee : 30** 16,172 
30-15*** 
a en al 15 22,079 
| 15-15 
1931 15 16,062 
15-15 
ARES SR 15 14,899 
15-15 
SERGE Oe Oe 30 15,117 
30-15 
MRE hee osectes 30 20,162 
| 30-15 
a I RN 45 18,417 
| 30-15 
NS his Bh ies 45 21,051 
30-15 








*Records are taken from fur dealers’ reports and do not show the 
total catch made in the state, as shipments to out-of-state mail order 
houses, fur used in eprmente, etc., are not recorded. 

**Hunting season (in Lower Peninsula only). 

***First figure indicates length of trapping season in Lower Peninsula, 
north of townline 16, and the second one indicates length of trapping 
season in Lower Peninsula south of townline 16. All seasons between 
November 1 and December 15. 


Unfortunately, there are no available records of 
pelts sold in years prior to the closed seasons, but 
the numbers reported during the subsequent eight 
years seem significant. During the first year (1929), 
about 16,000 raccoons were taken in a hunting sea- 
son of 30 days and trapping season of 30 and 15 
days. The next year in a shorter season, 22,000 or 
about 6,000 more were killed, which at the time may 
have been considered indicative of substantially in- 
creasing numbers. However, during seasons of vary- 
ing length after that time, the take was again as 
low as 15,000, and varied between that figure and 
21,000. 


Since the number of raccoon pelts sold in 1929, 
after a closed season of two years, was less than the 
average for the succeeding seven years, it appears 
that closing the season would be ineffective in raising 
the population of raccoons above the present level. 
Surely, the monetary loss during 1927 and 1928, 
when 30,000 or more animals could probably have 
been taken, was not compensated for in the follow- 
ing years. 


TRAINING SEASON FoR Dogs 


A period for training ’eoon dogs has occasioned 
considerable controversy. At the present time, the 
Michigan law provides for a training period of 60 
days preceding the open season, on species which 
may legally be hunted with dogs, but only during 
the hours from sunrise to sunset. This practically 
eliminates training on the nocturnal raccoons. Many 
hunters believe they should be allowed to train their 
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dogs at night, and that no harm would result to the 
*coons. 

In 1938, a pair of well-trained hounds were used 
at the experiment station during the last week of 
August and first week of September. Three juvenile 
‘coons were captured, one on August 29, and two on 
September 6. The first one was started in the flood- 


plain habitat, and “treed” 30 minutes later. The. 
other two, in the oak uplands, where conditions 
favored the dogs, ran only about 10 minutes. Two 


more juveniles were “treed” on September 11, 1939. 
In all instances these immature raccoons stayed away 
from the dogs, and, except for one that fell out of 
a tree as it was being captured, none was injured. 
It was surprising to note the rapidity with which 
one was able to regain its equilibrium after falling a 
considerable distance. The animal, taken in Septem- 
ber, 1938, was “treed” three times before being eap- 
tured, twice falling about 30 feet. Each time it was 
able to lead the dogs on a_ several-hundred-yard 
chase before taking-to a tree again and seemed none 
the worse for its experiences. 

Though these observations 
September juvenile raccoons 
for themselves against dogs, there are further con- 
siderations. In the area here, trees which the animals 
could climb were available at all times. In farming 
country where this is not true, it is doubtful if the 
‘eoons would have done so well. Some people main- 
tain that too many would be killed, especially by 
“silent trailers,” which the animals could not hear 
before being cornered, often in an open field. There 
are further angles to the problem. One is in regard 
to the possible indirect harm to young raccoons dur- 
ing too early a training season. Juveniles are still 
dependent upon the adult females for care and aid 
in finding food during the summer months. If dogs 
were in the field at that time, they might often break 
up family groups and thereby indirectly cause some 
losses. However, in early fall the breaking up of 
families before hunting might even be beneficial, by 
reducing the chances of hunters taking a whole fam- 
ily from one tree, as sometimes happens, according 
to reports. Another consideration is law enforee- 
ment. It would be very difficult to apprehend the 
hunter who might be inclined to kill the raceoons he 
trails before the legal season. Those opposed to 
training believe that poaching in this manner would 
be common enough to constitute a serious problem. 

Considering solely the welfare of raccoons, it 
would undoubtedly be best that no dogs be allowed 
in the field before September 1, and perhaps even 
before October 1. As a compromise, September 15 
might be recommended, if a training season is to be 
allowed. 


indicate that by early 
are capable of caring 


HuntinG PRActTIcES 


There are certain practices employed by raccoon 
hunters to be considered in any program devoted to 
the betterment of raccoon hunting. 

Destructive.—Destructive practices which are for- 
bidden by law but are still used by some hunters 
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include the cutting and climbing of den trees to take 
raccoons Which have “holed up.” These methods are 
probably employed for the most part by the fellow 
who takes raccoons for the peeuniary return. Ap- 
prehension of such violators at night is very difficult, 
and improvement of the situation lies almost wholly 
in education, and appealing to the hunters’ sense of 
fair play. 

Climbing of trees, while a law violation, is not as 
detrimental as tree cutting. The climber takes only 
the animals, while in the latter case a good den is 
sometimes destroyed as well, thereby reducing the 
‘arrying capacity of the habitat. Figure 54 shows 


Ye 





= 


Fig. 54. Some hunters do not need climbers in order 
to raid a den. Disturbance of raccoons in dens is a 
law violation in Michigan. 


the method by which one hunter secured his quarry. 
A small sapling was wedged into the crotch of the 
larger tree and thus served as a means of gaining 
access to the hollow. The seriousness of tree cutting 
is somewhat lessened by the fact that ’eoons often 
take refuge in trees which do not contain good dens. 
Many such trees are those with trunks hollow from 
the ground up, in which the animals ean gain pro- 
tection from dogs. Rather than eut the tree, the 
hunter need only chop a hole in the trunk to dis- 
lodge the ’coon. This practice, of course, results in 
the destruction of refuge sites but not dens. Within 
the floodplain of the General Study Area, approxi- 
mately 900 aeres, eight trees showed evidence of such 
cutting and two dens were destroyed within the past 
few years. Only one known violation was committed 
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on this area in the past year. While damage of this 
nature is probably not as prevalent as formerly, it 
certainly is to be discouraged at every opportunity. 
Constructive—A method advocated by some hunt- 
ers, Which undoubtedly will have beneficial results 
to raccoons, and which commands attention, is that 
of taking the animals alive and holding them for 
release after the hunting season is over. Within the 


past year such a policy has been adopted by a ’eoon 
hunters’ club in Kalamazoo County. These men, 
organized because of a common interest, hunt rae- 


coons primarily for the enjoyment derived from the 
chase. In an attempt to improve their sport, they 
capture at least a part of the animals alive each 
year, hold them for protection against further hunt- 
ing, and liberate them at the end of the season. 
This particular club reimburses anyone who brings 
them an uninjured raccoon, at a rate approximating 
the current price commanded by pelts. 


The Conservation Department probably should 
encourage such activities for several reasons. In the 


first place, promotion of the conception of raccoons 
as game animals, rather than merely fur-bearers, is 
probably desirable. It should result in fewer viola- 
tions, less den destruction, and probably better breed- 
ing reserves. In the second place, hunters would be 
encouraged to take an active interest in improving 
their own sport. Active local interest and manage- 
ment by hunters of any species, based on the par- 
ticular needs in a locality, are important. Furnish- 
ing tags to clubs for marking their captured animals 
has value in fostering healthy relations with the 
hunters. By being able to identify their ’eoons, the 
hunters might learn something about the habits of 
the species, which would give them a fuller under- 
standing of the problems of management. One elub, 
at least, seems to be relinquishing the idea that 
propagation would be effective. Whereas the mem- 
bers had regularly reared a few animals to be turned 
out, they now place more reliance in the practice 
of retaining wild animals for release. 


ANNUAL KILL 


The system in Michigan of requiring all hunters 
and trappers receiving licenses to file kill reports, 
makes possible reliable estimates of the annual kill 
of raccoons. Such figures, for comparison from year 
to vear, are invaluable to wise management of the 
species. 

According to figures in Table 16, raccoon numbers 
seem to have remained fairly stable from. 1938 to 
1940. Previous to this time, fur-dealers’ reports of 
purchases were the only records of kill in the state 
(Table 15). Inasmuch as many of the pelts were 
sold out-of-state, used in garments, or for some other 
reason did not reach Michigan buyers, those figures 
were much lower, and cannot be compared directly 
with hunters’ reports for the past three years. 

It is evident that hunters not only outnumber 
trappers by more than 3 to 1, but take roughly 80 
pereent of the total kill. Actually the differences 
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TABLE 16. Annual kill of raccoons in Michigan. 
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Figures computed on basis of 19.4%, 36.6%, and 20% respectively 
of total hunting license sales and 58.9%, 57%, and 14.9% respectively 
of total trapping license sales. 


the numbers of bona fide raccoon hunters 
and raccoon trappers and their kills are still greater 
than indicated. Whereas a considerable number of 
trappers who are seeking primarily to catch musk- 
‘ats or other species catch a few raccoons, very few 
hunters who are not out for the specific purpose of 
hunting raccoons ever kill one. In making these 
caleulations, however, every trapper reporting a rac- 
coon was considered a raccoon trapper. 

Length of Seasons.—The estimates of kill for 1939 
and 1940 appear significant in indicating the effect 
The legal seasons were 
the same in both years (45 days), but while weather 
conditions were such as to eliminate only three nights 
in 1939, 18 were not suitable for hunting in 1940 
(p. 231). Nevertheless, hunters took an average of 
3.42 raccoons each during only 27 days in 1940, or 
slightly more than the 3.28 average taken during 42 
nights in 1939. The weather observations were made 
at the experiment station, but hunting was probably 
similarly affected throughout the state, since snow 
which caused the raccoons to den up seemed to be 
widespread in oceurrence. In Allegan County, a 
total of 1,114 raeeoons (average of 3.27 per hunter) 
was reported for 1939, and 1,244 (average of 2.6 per 
hunter) for 1940. Aceording to these observations 
and figures it appears that other things being equal 
nearly as many ’ecoons would be killed in a season of 
only one month as are taken now in one and one-half 
months. 


between 


of longer or shorter seasons. 


Distribution of Kill in State—Figure 55 shows 
the distribution of the 1940 kill throughout the state. 
As pointed out previously, inasmuch as Michigan is 
at the northern edge of raeeoon distribution, the 
southern part of the state furnishes the most favor- 


able raccoon habitat, with fewer raccoons being 
found northward. Much the greater share of the 


total take is in Zone 3, or the southern half of the 
lower peninsula. In 1940, hunters took over three 
times as many in Zone 3 as in Zone 2 (23,232 and 
6,970), and trappers about one and one-half times 
as many. Much the same distribution has held sinee 
kill reeords have been available. 


Annual Crop.—Reeords already presented indicate 
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an annual kill of between 30,000 and 40,000 raccoons 
in Michigan in recent years. It would be of con- 
siderable value to know what percentage of the pop- 
ulation this kill represents, or what percentage of the 
total fall population can be killed and adequate 
breeding stocks still be maintained. 

It has been shown by apparently reliable data 
that the breeding potential of raccoons is about 1.5. 
That is, the breeding reserve of the species is poten- 
tially capable of producing an annual increment 1.5 
times as large as itself. On this basis the breeding 
reserve would comprise two fifths and the increment 
three fifths of the summer population. If the spe- 
cies is to remain stable in numbers from year to 
year, three fifths of the total number existing imme- 
diately after reproduction occurs must be eliminated 
annually. The problem is to determine what propor- 
tion is taken by mortality factors other than hunting 
and what proportion, therefore, can safely be taken 
by hunting without exceeding the allowable three 
fifths. : 

The annual loss of raccoons from all causes other 
than hunting is evidently rather small. Predators on 
the species seem unimportant; this study has shown 
evidence of high juvenile survival; and parasites and 
disease probably cause few deaths either directly or 
indirectly. Apparently hunting and trapping take 
most of the annual toll. Returning to figures, it 
seems reasonable to assume that the maximum nat- 
ural loss under present conditions is not over one 
fifth of the animals. It appears to be less, but con- 
sidering that it may equal that much, there would 
remain two fifths to be preserved as a breeding stock 
for the next year and two fifths that ean be allowed 
to hunters and trappers. Since nearly all the natural 
loss probably occurs in summer, approximately one 
half of the fall population can be killed, and an 
adequate breeding reserve maintained. Such a state- 
ment should not be made without reservations, but 
seems to be essentially sound. 

Further information relative to this point is avail- 
able in the reported kill of tagged animals at the 
experiment station. In 1939 and 1940, 34 and 36 
raccoons, respectively, were tagged on the Ottawa 
Marsh tract. During the hunting seasons of each 
year 47 percent of these animals were reported taken. 
A few more unreported animals may have been 
killed but the number, if any, was believed to be low. 
The exact duplication of kill (47 pereent) in both 
years must be considered coincidental, especially sinee 
numbers were small, but similarity of the figures 
seems indicative that they approach the actual kill. 
In any event, the data constitute further evidence for 
establishing hunting mortality. Inasmueh as the kill 
on the Ottawa Marsh was so near 50 percent, it sup- 
ports the more theoretical percentage of that amount. 
Sinee the figures are conservative in each ease, it 
seems likely that at least 50 percent of the fall pop- 
ulation is killed annually. The present hunting 
pressure can, seemingly, be tolerated since raccoons 
appear to be holding their own. 
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SUMMARY 


Lire-HIsTorRY OF THE RAccoon 


1. The sex ratio among the 256 animals was 1.08 
males to 1 female, or 133 males to 123 females. 
According to accumulated evidence, raccoons are 
promiscuous breeders, the males probably mating 
with more than one female in a season. 

2. Cireumstantial evidence indicates that some 
males may not be sexually mature by the first breed- 
ing season after their birth. Fifteen of 28 yearling 
females were known to have produced offspring and 
10 were known to have produced none their first 
year. 

3. The main breeding season in Michigan oceurs 
from the first week in February through the first 
week in March. A few adult females breed as late 
as May, evidently beeause of failure to conceive dur- 
ing the winter. Young are born approximately 63 
days after copulation, and the majority of litters 
arrive in April and May. Only one litter per female 
is borne annually. Lactation extends over a period 
of about three months after parturition, though the 
young leave the den at approximately 10 weeks of 
age. Females alone were found to care for the 
young. 

4. The average number of young in 11 litters 
was four. If, as was determined here, only about 50 
pereent of yearling females conceive, the breeding 
potential is 1.5 per adult. 

5. Juvenile raccoons averaged between 10 and 11 
pounds in November, though some attained a weight 
of nearly 14 pounds by that time. Full growth ap- 
parently is not attained until at least the second 
autumn of an animal’s life, or-when it is about 19 
months old. In spring, female raccoons averaged 
only about one half as heavy as in fall. Males were 
also lighter in spring, but the difference was pro- 
portionately less. 

6. It appears that raccoons ean be separated as to 
age by weight differences only until they become 
approximately one and one-half years old. Unde- 
veloped nipples serve as a distinguishing character 
of juvenile females until they bear young. 

7. The most striking fact recorded concerning 
food habits was the preference exhibited by rac- 
coons for acorn mast whenever it was available. Ani- 
mal matter predominated in the spring diet, while 
fleshy fruits and seeds were predominant in summer 
and fall. 

8. The only noted cause of mortality, other than 
from hunting and trapping, was accidental death on 
highways, and losses from this source were few. 
Juvenile survival is apparently high. Deaths in the 
wild due to parasites and disease are evidently 
negligible. 

9. In this region, tree dens are used exclusively 
as homes. The average distance of 34 occupied den 
trees from water was 409 feet, although those within 
a distance of one mile from water showed evidence 
of some use. Dens averaged 2714 feet above ground, 
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14 x 12% inches in inside diameter, and had an 
average-sized entrance of 124% x 6 inches. The 
latter measurement varied widely, holes as small as 
41 x 4, and 5 x 3 inches being entered. 

10. Adults were found to den singly, and young 
of the previous spring were found singly and by 
two’s. Raccoons do not hibernate in the striet sense 
of the word, and become active upon the slightest 
disturbance, or coincident with mild temperatures in 
mid-winter. Snow seems to be the principal factor 
causing the onset of prolonged winter denning. In 
1939, outside activity ceased abruptly on December 
13, with the coming of snow. In 1940, the animals 
denned from December 21, when there was snow, but 
were active thereafter while the snow was gone until 
January 3. ° 

ll. The determined average range diameter of 
adult males was one mile, and of adult females .7 
mile. Juvenile males and females had average range 
diameters of .7 and..5 miles, respectively. Probably 
the most significant known range was that of 1.2 
miles exhibited by an adult male for whom 11 trap 
catches and 25 track locations were recorded. From 
all available evidence, neither sex displays territorial- 
ism, at least not beyond the den tree. 

12. From 62 tag returns by hunters it was shown 
that some of the voung raccoons of an area disperse 
to other areas. Nine dispersing males average 11.75 
miles, and five females, 8.25 miles. No adults moved 
from their earlier recorded ranges. 

13. On the Ottawa Marsh tract of 1,235 aeres, a 
fall population of 76.5 animals, or 1 per 16.2 acres 
was calculated on the basis of percentage of tagged 
animals killed. On the same basis, the fall popula- 
tion in 1940 was determined to be 34.0 raccoons. Be- 
cause of adverse weather conditions in 1940, the 
figure for that vear is believed to be less indicative 
of true numbers than the one for 1939. For the 
General Study Area of 2,464 aeres (1,582 acres of 
upland and 882 aeres of floodplain), a live-trap ecen- 
sus gave a total count of 54 raccoons in 1938. In 
1939 and 1940, by live-trapping, den examinations, 
and tracking, 63 and 74 individuals, respectively, 
were recorded. Figures for the last two years are 
considered to be the most significant and the inerease 
from 1939 to 1940 was apparently due to closure of 
the area to hunters. 


MANAGEMENT 


1. The principal essentials of an optimum rae- 
coon habitat appear to be a permanent water supply, 
tree dens, and food. Management of habitat should 
be aimed towards conserving or providing dens in 
well-watered areas. Artificial feeding is not advised, 
though provision of corn might be of value when 
mast crops fail entirely. 

2. Quantitative studies showed a density in the 
Swan Creek area of one den per 16.5 acres in the 
floodplain habitat, and one per 10.1 acres in the 
upland. The animals apparently prefer to den in 
the former habitat and select their rearing dens 
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there. It is recommended that first 
efforts be expended in lowland habitats. 

3. Tree injury, loss of dead limbs, tree deform- 
ities, and woodpeckers are the chief agencies inducing 
decay and the formation of hollows suitable for rac- 
coon dens. Wind, lightning, and deeay beyond the 
point where a den is suitable are the chief natural 
destructive agencies. Hunters still eut some trees, 
but this destruetive practice is undoubtedly not as 
prevalent in Michigan as formerly. Many trees 
which are cut to take raccoons are only refuge sites, 
and not good dens. Where eutting can be controlled, 
it is recommended that at least one and possibly two 
dens per 15 to 20 aeres be left, and about two or 
three times that many potential denning sites. 

4. More extensive provision of artificial den boxes 
on an experimental basis, of a design similar to those 
tested during the present work, seems warranted. 
Ten of 25 erected for 10 months showed some evi- 
dence of use. 


management 


5. Damage eaused by raccoons is usually neg- 
ligible. In a few instances local control may be 
for which eapture and transfer of the 
animals should usually suffice. 

6. Closure of the General Study Area appeared 
to be mainly responsible for a noted 17 percent in- 
crease in population from 1939 to 1940. However, 
sanctuaries are not deemed generally necessary in 
Michigan at present, though they might be of value 
for rehabilitating the stock in depleted areas. 

7. From all available evidence, 
neither enemies nor serious competitors of raccoons 
and therefore seemingly constitute no serious menace 
to raccoon populations in the state. They are, how- 
ever, a detriment to the enjoyment of ’coon hunting, 
and their fur has little value. It is recommended 
that the species be given no protection insofar as 
such a policy is feasible in protecting other species. 


necessary, 


opossums are 


8. Artificial propagation is an ineffective, eco- 
nomieally unsound method for attempting to increase 
raccoon numbers. The release of 50 animals in the 
fall of 1939 furnished local hunters with more an- 
imals to hunt that year, but apparently effected no 
inerease in numbers the following year. In farming 
country, raccoons showed less tendency to become 
adapted to the wild, and also had poorer survival 
than at Swan Creek. 

9. For an appraisal of raccoon numbers through- 
out the state preliminary to designating hunting sea- 
sons, track observations during the winter breeding 
season, and in May or June, seem to be most prac- 
ticable. The live-trap method of censusing is too 
time-consuming for state-wide application. 

10. The present open season on raccoons, which 
is a compromise for the hunter and trapper, seems 
to be satisfactory. Analysis of data on 5,214 pelts 
purehased by a Michigan buyer showed 28.73 pereent 
to be unprime, but since the raccoon is regarded as 
a game animal as well as fur-bearer, primeness of 
pelts is only one of several necessary considerations 
It would undoubtedly be best to set the starting date 
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of a dog-training season no earlier than about Sep- 
tember 15. 

11. Complete protection of raccoons in the state 
during 1927 and 1928 seemed to have little effect on 
kill in subsequent years. Closed seasons are at pres- 
ent deemed neither necessary for the sake of main- 
taining raccoon numbers nor expedient if best use 
is to be made of the fur resouree. 

12. Within the past vear or two some hunting 
clubs have adopted the policy of capturing “treed” 
’ecoons alive, and releasing them after the hunting 
season. Such an active interest in the management 
of a species by hunters is desirable. 

13. Estimates caleulated from hunters’ and trap- 
pers’ report cards indicate a state kill of between 
35,000 and 45,000 raccoons annually since 1938, of 
which about three fourths were taken in the southern 
portion of the lower peninsula (Zone 3). Hunters 
take roughly 80 pereent of the total. There is some 
evidence that nearly as many animals would be 
killed in a season of one month, as in the present 
season of one and one-half months. It appears that 
about one half of the fall population is killed an- 
nually by hunters and trappers, and that such a 
mortality can be tolerated since raccoons seem to be 
holding their own. 
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